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Plant gums have been adequately described by
Jones and Smith (1) as "substances of plant origin
which are obtained as an exudation from the fruit,
trunks or branches of trees spontaneously or after
mechanical injury of the plant by incision of the
bark, or by removal of a branch, or after invasion
by bacteria or fungi". In contact with water
these grns have the outstanding ability of form-
sing gelatinous pastes or highly viscous solutions
Plant mucilages also have this property which is
due in both instances to the characteristic
polysaccharide constituents. Since, in addition,
both types of polysaccharide have similar
molecular structures, they are generally reviewed
together (1-7). They are both polyuronides;
D-glucuronio acid residues are generally found
in gums and D-galacturonic acid residues in
mucilages, though this is not an invariable rule.
In addition, hexoses, pentoses and methylpentoses
have been isolated from different gum hydrolysates
A primary distinction between gums and
mucilages lies in their mode of formation, for
whilst gums exude and dry, leaving discrete
nodules or ribbons which may be removed mechan-
sically from the site of origin, mucilages form
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a protective covering for different plant organs
and can only "be isolated by hot or cold water
extraction. Examples of the latter are the
galactomannans of the guar (8) and carob (9)
seeds and it is important to note that these
polysaccharides are nevertheless known as "gums".
The discussion to follow will, however, be
confined to polyuronide exudations.
Whilst gum exudation has one invariable
effect, namely that of sealing-off the damaged
or invaded area, a variety of reasons has been
advanced to account for gum-formation. It saems
unlikely that there is one universal explanation
but rather that the factors affecting gum format-
sion may vary from one specific instance to
another.
A particular aspect of the subject which is
imperfectly understood is the extent to which
micro-organisms are active in producing or
inducing the formation of exudate on gum-producing
trees, and whether the gum itself is formed to
prevent such a bacterial infection or is a result
of that infection. Whilst it is conceivable
that the structure of the gum could depend on the
type of invading micro-organism, varying perhaps
from one site on the tree to another and irrespect¬
ive of botanical classification, the converse
has been indicated in certain investigations.
Two types of cherry tree have been found to pro-
tduce gums of markedly similar compositions (4-2)
though differing from that examined by earlier
workers (97)» whilst the gums from several damson
trees (23) had substantially the same constants.
In addition, gum tragacanth exudes so soon after
rupture of the bark, that it is considered un¬
likely to be an insect or bacterial product.
It has also been suggested, however, that
gum exudation by a tree represents a reaction to
conditions of drought denoting also, perhaps,
that the tree is in poor health. In agreement
with the first suggestion is the fact that
commercial sources of gum arabic are invariably
trees in hot dry climates, whilst in support
of the latter argument are statements that some
gums, honey locust gum (119) for example, are
definitely pathological products.
The origin of plant gums is uncertain, but
is believed by some authorities to be the starch
granules present in the cells. Whilst the gums
are worthy of investigation in their own right
and as an aspect of plant biochemistry, additional
%
interest derives from their structural similarity
to the bacterial polysaccharides.
Relatively few in number of the known plant
gums find commercial applications, but certain
of them, for example gum arabic and gum tragacanth
are used in immense quantity and are very
important items of trade.
In foodstuffs (48) gums are particularly
suited, by virtue of their high viscosity in
solution and inability to crystallise, to serve
as thickeners for beverages, as stabilisers
for oil and water emulsions and, as a v/ider
application of this latter use, as protective
colloids whose function it is to prevent
agglomeration and settling-out of minute
particles. These properties also make gums of
wide application in the preparation of pharma¬
ceuticals, though in this connection uncertainty
about their suitability arises from a recent
claim (120) that gum tragacanth and probably
other gums exert a strong neutralising effect
on the activity of certain bactericides normally
added as preservatives. In the textile
industries gums are widely used to impart lustre
to certain materials, for example silk, and as
thickeners for colours and mordants in calico-
»printing.
Gums may moreover serve as sources of
monosaccharides, thus mesquite gum serves as a
convenient source of L-arabinose which can be
dialysed out of a neutralised hydrolysate and
crystallised by addition of ethanol (49), or
alternatively, Isolated by crystallisation from
methanol after removal of acidic oligosaccharides
on ion exchange resins (50) or as precipitated
barium salts (51). Gum arabic has been advocat-
ted as a source of D-glucuronie acid (52).
Purification and Properties.
The nodules of gum contain polysaccharide
material contaminated with "mechanical" Impurities
such as bark fragments, entrapped dust and insects.
In addition enzymes, inert proteinaceous material
and varying amounts of terpenoid resins can also
be present.
The polysaccharides are of complex structure.
The uronic acid residues may carry acetyl or
methyl groups and generally occur at least in
part as the metallic salts. Hexose residues
are present in the pyranose configuration whilst
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pentose residues widely occur in the furanose
form. Hecent work (11, 13, 14, 15, 87, 125)
has revealed the presenoe of pentose pyranosides
in plant gums.
A summary of the constituents which have
"been established as belonging to plant gums is
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Plant Sum Acid 110X030 Pentose Pentose Sugars Ref
Moaquite 4-Me- B—Ga L-Ar 51
(iroauis D-Glu
.lullflora)
Myrrh 4—Me— D—Ga L-Ar 53
(Coramlt)hara D-Glu
Lemon 4-Me- B-Ga L-Ar 15
B-Glu
Grapefruit 4-Me- B-Ga L-Ar 27
B-Slu
FranMncenae 4-Me- B-Ga L-Ar 25
(Boswellia B-Glu
cartorll)
Modal 4-Me- B-Ga L-Ar 32
(Lannea B-Glu
fdrandis)
Sapote Me-B- L-Ar, 38
GlU B-Xy
Oterculla D-Gal B-Ga L-Rh B-Ta 40
eetisera
Bteroulia D-Gal B-Ga L-Rh 104
urens
D-Gal B-Ga L-Rh B-Ta 29
Cholla B-Gal B-Ga L—Ar, L-Rh 22
D-Xy
fultdLda)
Tragaoanth D-Gal B-Ga D-Xy L-Fu 100
(Aatro&asuE*






B-Gal i- D-ga.lac turonic;
D-Ga:- D-galaetose; L-Ar L-arabinosef
B-Ma s— B-mannose; B—Xy *— B-xylosej
L-Rhi- L-rhamnose? L-Fu *- L-fucosej
B-Tas- B-tagatose.
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In addition to the foregoing, the following
gums have been examinedj-
The gum component of Olibanum (Boswellia carter!)
is composed of an arabo-galactan and a
polysaccharide containing galactose and
galacturonic acid (35)*
Golden apple gum (Srondias cvtheria) contains
galactose, arabinose, xylose, glucuronic acid
(mainly, if not entirely, as mono-O-methyl
ether) and traces of rhamnose and fucose (14)•
Khaya senegalanaia gum contains galactose,
rhamnose, and probably 4-O-methyl-D-glucuronic
acid and galacturonic acid (30).
oterculia tormentosa gum contains rhamnose,
galactose and probably galacturonic acid (102).
Chromatographic evidence has been obtained
for the compositions of the followingi-
Ketha gum (Peronia eleuhantum) - uronio acid,
galactose, arablnose, xylose and rhamnose (122).
Anopsiasua achimoeri gum - glucuronic acid,
galactose and arablnose (37)•
No detailed comparisons have been drawn
between the structures of gums from different
10 -
species of trees, but Jones and his colleagues (13)
believe that D-galactose and uronic acid residues
generally constitute the backbone of gum poly¬
saccharides with 1-3 and 1-6 linkages predominat-
:ing, whilst side chains are characterised by the
presence of D-xylopyranose, L-arabopyranose and
L-arabofuranose linkages.
Isolation of the pure polysaccharide from
the crude gum involves dissolution of the specimen
in water or in dilute sodium hydroxide solution.
The "free-acid" polysaccharide can then be obtain¬
ed by use of cation exchange resins (45) or more
generally by precipitation in glacial acetic
acid (43) or acidified methanol or ethanol.
Purification of the polysaccharide is effected
by repeated solution in water and reprecipitation,
or electrodialysis (44) can be used.
Homogeneity of the Polysaccharide.
There is no guarantee that the material
isolated in this manner is a single polysaccharide
and fractionation of several plant gums has in
11 -
fact "been achieved.
Chemical fractionation can "be attempted by-
graded precipitation, for example by the calibrat¬
ed addition of ethanol to an aqueous solution
of the polysaccharide. As a result, a number of
precipitates corresponding to specific alcohol:
water ratios are isolated and can be examined for
optical rotation and constituent sugars. Since,
however, this type of solvent fractionation also
serves as a method of separating specific polymers
into fractions of approximately equal chain length,
the isolation of more than one fraction is not by
itself an indication that more than one poly¬
saccharide is present.
In addition to the above, chance solvent
effects can also effect fractionation. The gum
component of Olibanum (35) was fractionated to
yield a galactoaraban and a polyuronide composed
of galactose and galacturonlc acid by the addition
of ethanol and subsequently acetone to an aqueous
solution of the gum. Gum tragacanth (100) was
also fractionated, but not until after methylation
when a mixture of an acidic methylated poly¬
saccharide, a neutral methylated polysaccharide
and a glycoside was obtained. The last of these
was removed by treatment with cold water in which
- 12 -
it alone was insoluble. On heating the aqueous
solution the neutral methylated polysaccharide was
precipitated, the acidic polysaccharide (as sodium
salt) remaining in solution.
Recent work on gum arabic (47) has 3hown that
immunological fractionation can prove a useful
tool in the separation of polysaccharides. In
this instance the polysaccharide recovered from
its specific precipitate with Type II anti-
spneumococcus serum contained only one-third to
one-fifth as much rhamnose as the native gum
though the composition with respect to the other
monosaccharides in the gum was not significantly
altered. Several attempts at fractionation
using iso-propyl alcohol or acetic acid were less
successful (47).
Electrophoresis of solutions of poly¬
saccharides in a Tiselius apparatus offers some
criterion of homogeneity. Gum arabic and
cyanophylla gum have been found to possess
different mobilities (53), whilst Jones and
Pridham (54) have also resolved a mixture of gum
arabic and a plum gum by this method. It has
been found, however, by Colvin, Cook and Adams
that the electrophoretic technique employing
■ I
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polysaccharide solutions in molar potassium
hydroxide solution is incapable of resolving
certain mixtures of structurally different
polysaccharides (55) • Such a mixture as inulin,
wheat starch and sodium alginate for example
failed to resolve, and the opinion of these authors
is that contrary to previous reports the technique
cannot be used with confidence as a general
criterion of the purity of polysaccharides, but
might be applicable to the characterisation end
fractionation of a limited class of polysaccharides
which are soluble close to neutrality.
Preliminary Examination.
In a preliminary investigation of the
purified material, the determination of ash con-
itent reveals the presence of persisting inorganic
impurity, whilst methoxyl content of an alcohol-
:free polysaccharide denotes methyl ether or ester.
She latter group is relatively labile, however,
and is often hydrolysed during the purification
of the polysaccharide. A decrease in methoxyl
content corresponding to an increase in titratable
acidity has been shown to occur on hydrolysis of
- 14 -
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gum tragacanth (56) indicating esters. Acetyl
groups are also relatively labile and are estimat-
:ed by hydrolysis followed by distillation and
titration of the liberated acetic acid (57)•
Free carbonyl groups are determined by oxidation
with alkaline iodine solutions (58), whilst the
proportion of uronic acid can be estimated by
direct titration since "free-acid" polyuronides
are comparatively strong acids - arabic acid
for example gives solutions of pH 2.2-2.7J a
conventional acid-base colour indicator can be
used or a potentiometric method, preferably in
presence of sodium bromide (93)« Uronic acids
are also susceptible to decarboxylation under
acid conditions, and this may be employed
quantitatively, the carbon dioxide evolved being
measured manometrically (59) or by absorption in
standard alkali (60).
Hydrolysis and Paper Chromatography.
Considerable information concerning the
structure of the polyuronide can be obtained from
hydrolytic experiments. The glycosidic linkage
of a furanose residue is ruptured under relatively
15 -
mild conditions, for example by heating an aqueous
solution of the "free-acid" polysaccharide, a
process known as autohydrolysis. This gives
information generally applying to the periphery
of the molecule and offers a means of obtaining a
"degraded" or partly-simplified polysaccharide for
methylation studies; oligosaccharides can also
be obtained. Linkages between neutral pyranoside
residues are less easily hydrolysed than furanos-
:ides, whilst a uronic acid in glycosidic union
with a neutral sugar forms en extremely stable bond;
this last consideration means that complete
hydrolysis of a polyuronide requires relatively
concentrated mineral acid at elevated temperatures
aid results in considerable degradation of the
material•
The neutralised hydrolysate may be analysed
for neutral sugars on the paper chromatogram by
some variation of the method introduced into
carbohydrate chemistry by Partridge (61). A
wide variety of solvents having special character-
:istics is available, but for general investig-
sations systems based on n-butanol (62) or
ethyl acetate (63) are suitable. The former
solvent has the advantage that a comprehensive
list of R& values (the ratio of the distance
travelled by the sugar to that travelled by
tetramethylglucopyranose under the same conditions)
is available (64) • The employment of specialised
conditions, for example the use of a borate-
ssaturated system (65) may serve to effect or
enhance specific resolutions because of the
ability of the borate ion to complex with adjacent
cis hydroxyl groups of certain sugars, which has
a marked effect on their chromatographic mobility.
Under the above conditions, lactones of
uronic acids will also be detected; D-glueurone
for example runs slightly faster than L-rhamnose.
In general, however, the uronic acids are present
in the neutralised hydrolysate as salts remaining
on or near the starting-line of the paper
chromatogram. After removal of cations the free
acids may be chromatographically examined in a
solvent containing formic or acetic acid; the
former has been recommended (67) as yielding more
reproducible results. Resolution of uronic acids
has also been achieved on paper buffered with
alginic acid (68).
Revelation of the separated hydrolysis
products is achieved by the application of a
suitable spray reagent. A wide variety of these
17 -
Is available, but ammonlacal silver nitrate
solution (69) or an alkaline mixture of periodate
and permanganate (70) is highly suited to general
detection. Specific sprays for the detection of
particular functional groups are also available;
urea hydrochloride, for example, reacts character¬
istically with ketoses (71), whilst acld:base
indicator sprays may be used to reveal uronio
acids (72). The use of the above techniques
coupled with that of paper electrophoresis of
the negatively-charged borate complexes of the
sugars (95) enables tentative identification of
the hydrolysis products to be made•
The chromatographic procedure can be extended
to the estimation of the relative proportions of
the monosaccharides. A widely-used modification
of this technique is that of spraying "guide-
strips" from each side of the developed
chromatogram. By this means, bands of mono¬
saccharides are are located on the unsprayed
paper, eluted and estimated by a suitable micro-
rmethod, for example with the Somogyi copper
reagent (73). An alternative technique is that
of spraying a normal type of chromatogram with
j3~anl3idine hydrochloride and heating. The spots
18 -
obtained are cut out and eluted, and the abeorbano
se3 of the solutions determined spectrophoto-
:metrically then related to the weight of sugar
present by reference to calibration curves (75)•
Separation and Characterisation of Hydrolysis
ffroductST
Autohydrolysis or partial acid hydrolysis of
a polyuronide may yield a mixture of neutral mono-
:saccharides and oligosaccharides as well as aldo-
sbiuronic acids; the latter can then be conven-
liently separated as barium salts by alcohol-
sprecipitation after neutralisation. The mixture
of neutral sugars and oligosaccharides can be
separated into groups of similar molecular weight
by passing through carbon columns (76). Mono¬
saccharides are eluted with water, and the oligo-
:saccharides fractdonated by elution with
gradually-increasing concentrations of etharol in
water.
Separation of monosaccharides on the preparat-
:ive scale lias been widely achieved by partition
chromatography on columns of cellulose (77), a
method which has the advantages of the high
resolving powers and working capacities of
- 19
cellulose coupled with the direct comparison of
behaviour of monosaccharides on these columns
and on the paper chromatogram.
Columns of Celite (78) exhibit behaviour
similar to that of cellulose, whilst potato
starch columns (79) have excellent powers of
resolution, but suffer from low working capacity.
Khym and Zill (80) have fractionated sugar mixture
as borate complexes on columns of ion exchange
resin, but have not applied this technique on the
preparative scale.
Whilst the monosaccharides are characterised
as crystalline compounds or derivatives, the
elucidation of the structures of oligosaccharides
and aldobiuronic acids is achieved by methylation,
hydrolysis and identification of the products.
The difficulty raised by the resistance to
hydrolysis of the fully-methylated acidio
disaccharides can be overcome by reduction with
lithium aluminium hydride (10); by this means
neutral methylated disaccharides are obtained
which can then be easily hydrolysed.
A number of neutral and acidic disaccharides
have been obtained from gums; details are given
overleaf.
Neutral Pisaocharidea.
(i) 3-Qrfi -L-Arabopyranosyl-L-arabinooe lias
been isolated from peaah (13)# olierry (13)#
golden apple (14)# lemon (15)# and Acaoia
karroo (11) gums.
(ii) 5-,0-oC-L-Arabopyranoay1-L-arabInose haB
been isolated from Vlrgllla oroboidea gum (125).
(Hi) (4- or) 5-0-/2 -D-Xylopyranosyl-L-arabinose
has bean isolated from peaoh and cholla gums
(13).
(iv) 3-0- °L-D-Xy1opyranoMp1-L-arab inooe has
been isolated from golden apple gum (14).
(v) 3-0-D-Galactopyranosyl-L-arabinose has




been isolated from Acacia cyanoahylla (16),
Acacia karroo (11), Acacia uvenantha (17)#
Acacia molliBsiaa (20), arable (90), almond





has been isolated from mesquite (92) and modal
(46) gums.
(iii) 4-0-D-Glucuronosyl-D-galactose has been
isolated from Acacia karroo (11) and neem (34)
gums •
(iv) 4-0-(4-0-Methyl-D-glucurono syl)-D-galacto se
has been isolated from Khaya grandifolia (30)
and myrrh (115) gums.
(v) 4-0-(4-0-Methyl-D-glucuronosyl)-L-arabinose
has been isolated from lemon gum (12).
2-0-D-Glucuronosyl-D-mannose has been
isolated from damson (23)» ghatti (26), Hakea
acicularis (28) and cherry (21) gums.
(vii) 2-0-D-Glucuronosyl-D-xylose has been
isolated from chagual gum (123).
(viii) 4-0-D-Galacturonosyl-D-galactose has been
isolated from Cochlospermum gossypium (29)
and Sterculia setigera (40) guma
(ix) 2-0-D-Galacturonosyl-L-rhamnose has been
Isolated from Cochlospermum gossypium (29)»
Sterculia setigera (40) and Khaya grandifolia
(30) gums.
In addition to the above, an aldobiuronic
- 22 -
acid has been isolated from lemon and grapefruit
gums (27) in which D-gluouronlc acid or a methyl-
lated derivative was linked to the 4 position of
D-galaotose. Mesquita gum has been found by
White (31) to contain an aldobiuronic acid in
which 4-O-methyl-D-glucuronio acid is glycosldically
joined to position 3 of D-galactose, whilst Cuneen
and Smith (91) report the isolation from this gum
of two aldobiuronio acids comprising the same
structural units linked 1-4 and 1-6 respectively#
Methylation Studies*
The greatest contribution to the elucidation
of the structures of plant gums, as for other
polysaccharides, has oome from the technique of
methylation, hydrolysis and identification of the
methylated monosaccharides produced.
Methylation is generally achieved by treat¬
ment of the polysaccharide with dimethyl
sulphate and sodium hydroxide solution (81),
ouccesslve applications of the reagents are made
until the methoxyl content is constant; this can
often then be raised by Purdie methylation by
heating with silver oxide and methyl iodide under
- 23
anhydrous conditions (82).
Where resistance to aqueous methylation is
encountered, thallous hydroxide (83) or ethoxide
form useful alternatives and have been used to
methylate cherry (130), damson (127) and egg plum
(124) gums.
Phormium tenax gum (37) has proved resistant
to both of the above methylation techniques, but
might conceivably be methylated by treatment with
metallic sodium in liquid ammonia and then with
methyl iodide (103).
Hydrolysis of a methylated polysaccharide
with hot aqueous mineral acid is not practicable
since under these conditions the polysaccharide
will precipitate from solution and merely degrade
as opposed to hydrolysing. This can be overcome,
however, by allowing the methylated polysaccharide
to stand in relatively concentrated acid for an
extended time at room temperature, the hydrolysis
being completed by heating. An alternative and
more general procedure is to heat with anhydrous
methanolic hydrogen chloride either under reflux
or in a sealed tube, producing methylated methyl
glycosides. Traditionally, these products were
Isolated and examined, after fractional distlllat-
— 24 **
»ion under high vacuum. This technique lias been
ouporaeded by chromatographic methods# Generally,
the glycosides are hydrolysed and the free metliyl*»
sated sugars separated, by partition chromatography
on columns of cellulose. Bell (86) lias resolved
mixtures of methylated derivatives of glucose on
silica gel and has extended, this technique to
the resolution of methylated derivatives of
fructose. Whelan and Morgan (88) have shown that
methylated derivatives of glucose can be separat¬
ed on charcoal using increasing concentrations
of ©thanol in water as eluant, whilst White (87)
has successfully resolved the mixture of methylat-
ted sugars from sapote gum using columns of acid-
:washed Magnesol and an extrusion technique.
She following aetliylatod monosaccharides
have been isolated from methylated plant gums;
the figures in the columns rofer to the positions


















































































D-Xy:- D-xylose L-Fu:- L-fucose
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By the employment of the techniques already
described, some indication of the structures of a
number of gums has been obtained. Although it
has not proved possible to establish a unique
structure for any gum, formulae have been advanced
for arabic ( gg) and mesquite ( gg) gums conform¬
ing with the experimental facts*
- 27 -
Through the kindness of Mr. Y. Grenning,
Director of Forests in Queensland, Australia, a
sample of gum from Brachycliiton diversifolium
collected in the Atherton district of Northern
Queensland was made available for study.
Although the botanical name suggests that
this gum has no connection with any already
examined, this is not the case, for the term
Brachychiton defines certain trees formerly known
as Sterculia; Brachychiton diversifolium was
previously known as Sterculla caudata. It is
of interest, therefore, to review the previous
studies of the Sterculia gums before describing
the results of a structural investigation of the
gum from Brachychiton diversifolium.
Sterculia tormentosa gum.
This gum has received some attention from
Beauquesne (102) who found it much less suscept-
iible to hydrolysis than arable or tragacanth
gums. Enzymic hydrolysis was unsuccessful, but
acid hydrolysis was achieved by heating with 4$
sulphuric acid for 20 hours at 100°, followed by
6 hours at 116°.
Galactose (43$) was identified by oxidation
of uronic acid-free fractions of the hydrolysate
to mucic acid. The osazone and oC-methylphenyl
28 -
hydrazone were also prepared. Rhamnose (15$)
was characterised as the methylphloroglucide and
the osazone, whilst the uroiiic acid (43$ of the
gum) gave a brick red precipitate with basic lead
acetate, suggesting galacturoiiic acid.
Sterculia setigera gum (40, 41).
The crude gum was found in a partly-
acetylated condition (acetyl content: 15*5$)
and yielded on purification an acetyl-free
polysaccharide of equivalent weight 370-400*
Hydrolysis (to which the polysaccharide was
very resistant) and quantitative chromatography
showed that galactose and rhamnose were present
in equimolecular amounts, whilst traces of
rhamnoketose and tagatose were also evident.
Mild acid hydrolysis gave a mixture of sugars
and a stable acidic fraction, the latter being
isolated by precipitation as barium salts in
methanol. The non-acidio reducing sugars were
analysed by quantitative paper chromatography and
shown to be constituted as follows* galactose
(7 parts), tagatose (2 parts), rhamnose (5 parts)
and rhainnoketose (traces). Separation of the
mixture on a column of cellulose gave D-galactose,
D-tagatose and L-rhamnose which were characterised,
- 29 -
whilst traces of rhamnoketose and xylose were also
indicated.
Part of the acidic fraction was completely
hydrolysed and D-galacturonic acid identified
as a product, whilst the remainder was methylated.
The behaviour of the fully-methylated product
suggested that a biuronoside (l part) and an
aldobiuronic acid (2 parts) were present.
Hydrolysis gave the neutral sugars 3:4-di-0-methyl
:L-rhamnose (3670) and 2:3*6-tri-O-methyl-D-
:galactose (147») ♦ The acidic fraction was mainly
2:3 :4—tri-O-methyl-D-galaeturonic acid and (3:4-)
or 2:4-di-0-methyl-D-galaeturonic acid. On "this
evidence it was deduced that the following had
been produeed by partial hydrolysis of the gum:
(i) 2-0-33-galacturonosyl-L-rhamnoae
(ii) (3- or) 2-0-D-galacturonosyl-P-galacturonic
acid
(iii) 4-0-B-galacturonosyl-D-galactose.
The gum was methylated and hydrolysed when
a mixture of neutral and acidic reducing sugars
was obtained. The former consisted of:
2:3*4:S-tetra-O-methyl-D-galactose (6 parts)
2:3 :6-tri-O-methyl-D-galactose (3 parts)
2:o-di-G-methyl-D-galactose (trace)
- 30
Alaa present were methylated derivatives of
rhaanose probably:
3t4^di*^-aiethyl--I»-*rha3m<5B8 (4 parts)
2~ and/or 3-.2**3iethy1-I»~rhajanosa (3 parts)
The- methylated urorde acid was predominantly
2~0«®ethyl-D-galactaronic acid (16 parts).
It was deduced that the gum contained the
following residues linked at the positions
indicated t
D—0a.l-* —4 »3>-G-a«l- —2 .L—Rh.l—




The presence of large amounts of ond groups
and of triply-linked galacturonic acid showed the
'li 'h-ly-branched nature of the macro-molecule •
&SSM (10*) •
In a preliminary study on the exudate from
Sterculia ureas acetyl groups (6.72$) were again
found, and D-galactose and L-rhamnoee were
identified; no tagatose was detected. The
relative molecular proportions of galactose and
rhamnosa (6:4) were not significantly different
from those found in Stercnlia seti^era and. again
— 31 ~
a high galacturonic acid content (37»4$) was
recorded. Partial hydrolysis gave rise to what
might have been two aldobiuronie acids: a
galaoturonoBy1-D-galac to se and a galaoturonosyl-
L-rhamnose, but these were not further investig-
lated.
In brief, then, gum exudates of the Steroulifi
trees have been found to be polymers of rhamnose,
galactose and galacturonic acid residues, partly
acetylated in two instances at least. Sterculia
setigera alone contains tagatose, but all three
are characterised by a high uronic acid content




The gum was relatively free from "bark and
consisted of brittle nodules of varying size
having a resinous odour. In contact with water
it swelled and formed a stiff gelatinous mucilage
even at relatively low concentration. Investig¬
ation of three dissimilar nodules indicated that
the sample was essentially homogeneous.
Analysis showed the presence of ash (4.1$)»
due at least in part to metallic salts of the
uronic acid; the mucilage was neutral to litmus.
A small amount of methoxyl group (1.4$) was
present signifying methyl ether or methyl ester.
The latter group was verified by its lability to
alkali, since the purified polysaccharide, which
was isolated after alkaline treatment of the gum,
was free from methoxyl groups. Methyl ester has
not been reported in the other Sterculia gums,
but has been found in gum tragacanth (56).
Acetyl groups (19.3$) were found approximating in
proportion to those in Sterculia setigera (15*5$)
and Cochlosoermum gossypium (18.9$) (29) gums and
considerably higher than those in Sterculia
tnrmpntnsa (6.7$).
The gum was non-reducing to Pehling's solution
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and did not form an insoluble copper complex?
it was also free from protein.
Hydrolysis and chromatography of the hydro-
slysate gave evidence, which was fully confirmed
in later work, that the gum was composed ofs
L-rhamnose, D-galactoee and D-glucuronic acid.
The gum from Brachychiton diversifolium
(syn. Sterculia caudata) is thus different from
the gums so far investigated, though certain
resemblances are apparent. In the first place,
it contains the same neutral sugars as the other
Sterculia gums, but differs from them and approx-
simates more truly to the "gum" classification
in containing D-glucuronic acid. Khaya
grandifolia gum (30) offers a closer comparison
since it contains the same neutral sugars
together with 4-0-methyl-D-glucuronic acid as well
as D~galacturonic acid.
Traces of pentoses (possibly xylose and
arabinose) were also present in the crude gum
and persisted in the pure polysaccharide, in which
they were detected, however, only in large-scale
work and not by quantitative chromatography.
The proportions present, however, were so low that
they can have very little structural significance
and can probably be attributed to other botanical
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residues present. It was noticeable that bark-
contaminated gum gave relatively more pentoses
than did the purer samples.
The gum was slightly soluble in water, from
which it was best precipitated with acetone.
Three fractions were obtained of essentially
identical composition. Further attempts at
fractionation by dissolution of the gum in alkali
then precipitation of the "free-acid" form by
addition of ethanol were equally unsuccessful.
These results are in harmony with the electro-
:phoretic behaviour of the pure polysaccharide in
a borate buffer of pH 10, when a single peak was
obtained. By contrast, however, Smith (126)
reports that the polysaccharide on glass paper
electrophoresis exhibits two components having
mobilities of 7 and 108 (relative to the fastest
moving component of ox-liver glycogen), the former
being the major component; the precise signific-
:ance of these results has not, however, been
defined.
Purification and Properties of the Polysaccharide
The gum was treated with aqueous sodium
hydroxide solution, the mixture acidified and the
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polysaccharide precipitated in ethanol. After
redissolving in water and a further acidic
precipitation, the product was freed from chloride
ions to yield the pure polysaccharide (55$ hy
weight of the crude undried gum) having
M^ + 69°; ash 0.83$; acetyl nil. The
positive rotation of the polysaccharide and
methylated polysaccharide and the fall in rotat-
lion on acid hydrolysis indicates the presence of
oC-lihkages. After purification in acetic acid
to remove adhering ethanol, methoxyl was found to
"be absent.
She proportion of uronic acid present was
estimated by two methods; firstly, by direct
titration which gave an equivalent weight of 342
and, secondly, by thermal decarboxylation which
gave a uronic anhydride content of 50.1$. These
results are substantially in agreement since an
equivalent weight of 342 requires a uronic
anhydride content of 51*5$. The proportion of
uronic anhydride found is unusually high for a
plant gum, but finds parallels in Sterculia
setigera gum (equivalent weight 370-400) (40)
and Khaya grandifolia gum (30) (equivalent weight
344).
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In keeping with the high proportion of uronie
aoid present and the extreme stability of the
glycosiduronic acid linkage, the polysaccharide
proved to be very resistant to hydrolysis. On
autohydrolysis an iodine number of only 8.1 was
obtained after 24 hours heating at 100°.
Hydrolysis with H-sulphuric acid at 100° for 6
hours gave an iodine number of 51 and a change in
specific rotation from +104° (2 hours) to +31° •
Further heating for on© or two hours produced
little change, suggesting that the residual
linkages were resistant to hydrolysis under these
conditions and that further acid treatment would
cause degradation rather than hydrolysis. In
agreement with thiaf the iodine numbers of the
solution became erratic on further heating.
Complete hydrolysis of the polysaccharide was
only achieved with 2H~sulphu.ric acid after heating
for 24 hours at 100°. This was accompanied by
degradation, since the solutions invariably
darkened during vigorous hydrolysis and the yield
of hydrolysate was never higher than 80^.
Although a complete quantitative hydrolysis
was impossible, the relative proportions of the
neutral sugars in the hydrolysate obtained after
- 37
complete hydrolysis were estimated by two diffor¬
ient methodst firstly, by oxidation to formic
acid and titration and, secondly, through a
colorimetrlc reaction with benzidine. The
proportions of sugars found were t
These results ar© in fairly good agreement,
and the proportions indicated by the perl©date
method were further substantiated by a color-
iixaetrio estimation of methylpentose which did not
renulre previous hydrolysis of the polysaccharide.
Under the conditions of the experiment, rharanose
reacts with cysteine and sulphuric acid to form
a product which can be estimated quantitatively
from the absorbance of the solution at 3960A,
A correction is made by subtraction of a
reading taken at 4300A. This allows for the
presence of hexoees and hexuronio acids which
exhibit an absorbance at, 4300A equal to that at
3960A, whilst methylpentoses do not contribute
at all at a wave length of 4300A#
By this method it was established that the







Partial Hydrolysis of the Polysaccharide:
Isolation and Characterisation of the
'Neutral Sugars and of the Uronic Acid.
In order completely to establish the identity
of the constituent sugars and uronic acid the
syrup obtained after partial hydrolysis of the
polysaccharide with N-sulphuric acid for seven
hours at 100° was investigated. In one experi¬
ment it was separated into two fractionsja
"neutral sugars" fraction (K) (page 76) and a
"barium uronates" fraction (L) (page 76 ). These
were not completely pure, each containing some of
the other.
Separation of the "neutral sugars" fraction
by partition chromatography on a column of powder-
:ed cellulose using n-butanolswater as eluant
showed it to contains
Fraction giving positive Selivanoff test ... 0.8$
L-Rhamnose 9.6$
L-Rhamnose + pentoses 1.7$
D-Galactose 35*1$
Incompletely hydrolysed barium uronates ... 52.8$
L-Rhamnose and L-galactose were isolated in
the crystalline state and identified by their
melting points, mixed melting points with authent-
sic samples and by their optical rotations. In
addition, a characteristic crystalline derivative
was prepared for each sugar and was found to have
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the correct melting point and raided melting point
Attempted fractionation of the residual
"barium uronates remaining on the top of the col
by elution with n-butanol:acetic acid swater,
followed by water washing of the column was
unsuccessful and these were added to the "barium
"uronates" fraction (L)•
These combined uronates were converted to
the free uronie acids (M) (page 79) with ion-
:exchange resin and a portion bydrolysed with
2M-sulphuric acid for 18 hours at 100° • Further
quantities of galactose and rhamnoea were liberate
sed (paper chromatography). A second portion
of the uronic acids (M) was converted to the
methyl ester methylglycosida and the resulting
syrup reduced with sodium borohydrida. The
reduced product was hydrolysad and examined
chromatographically. Spots corresponding to
galactoses rharanooe and glucose were obtained,
and the latter was eliminated on treatment of the
reduced, hydrolysed syrup with the specific
enzyme glucose oxidase. As glucose was not
found In the hydrolyo&to of the gum, even after
vigorous conditions of liydi^olysis, before treat¬
ment with sodium borohydride, it must have been
formed by reduction of glucuronic acid residues.
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Ixk a second experiment, after partial
hydrolysis, the total hydro lysate was freed from
"barium with Amborlito IR-120 r«33in :ind the uronio
acids were converted to the methyl eater, methyl
glycosides (and the free sugars to the methyl
glycosides) and the mixture reduced in aqueous
solution with potassium borohydride• The
product was hydrolysed and the neutral sugars (P)
(page 82) separated by partition chromatography
on a paper column using n.-butanol tw&ter as eluant#
Three main fractions and four overlap
fractions were collected# Of the pure fractionst
the first was L-rhamnose, characterised as the
crystalline 2sS-dichlorophenylhydrasone of
correct melting point and mixed melting point,
the second was D-glucose, characterised as the
crystalline solid of correct melting point,
mixed melting point and optical rotation#
the third was B~galactose, characterised as the
crystalline 2:5~diehlorophenylhydrazone of
correct melting point and mixed melting point#
The presence of D-glucose in the reduced
hydrolysed syrup established the presence of
D-glucuronic acid in the polysaccharide#
The quantity of galactose isolated was
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relatively greater than that estimated in the
original polysaccharide. Although the exact
composition of the hydrolysate was uncertain
because of difficulties in purification of the
fractions and the extent of overlapping, the
approximate proportions present were:
Quantitative chromatographic methods of
estimating sugars which require broad papers, for
example by elution and periodate oxidation, are
not entirely reliable for estimating glucose in
the presence of galactose because of the difficulty
of obtaining an adequate separation of these
sugars without the possibility of distorting
the sugar "band".
For the purpose, therefore, of obtaining a
more accurate determination of the relative pro¬
portions of the sugars present in (P), an
enzymic method was developed in which the glucose
was selectively oxidized to gluconic acid, whilst
the rhamnose and galactose were unaffected. By
measuring the reducing power of the sugars before
and after the enzymic oxidation the proportion
of glucose present was determined.








sugars was determined by a conventional quantitat«*
sive chromatographic method#
From the results it was deduced that the
constituent sugars were present in th© following
proportions *
The low yield of rhamnose and glucose relative to
galactose con be explained by the alkalinity of
the aqueous sodium borohydride solution used in
the reduction. This would be expected to cause
partial hydrolysis of the uronic acid esters
present; the free uronic acids would then be lost
by adsorption on the resins used in the purific¬
ation of the product. Since a relatively high
proportion of galactose is set free during the
partial hydrolysis, loss of product would be
expected to affect mainly glucuronic acid and
rhamnosa-glucuronic acid oligosaccharides.
However, additional galactose might have arisen
by the reduction of D-galacturonic acid residues
in the polysaccharide and although these would
also have been partially adsorbed by the resin,
some would have been reduced to D-galactose and








the proportion of galactose• In view of this
and of the occurrence of h-galacturonic acid In
other species of Steroulia gum exudates examined,
and also because of the difficulty of chromato-
tgraphically identifying galacturonic acid in the
presence of glucuronic acid, it was considered
desirable to investigate this possibility
further.
The polysaccharide was submitted to a
drastic hydrolysis with 23J-eulphurlc acid at 100°
for 24 hours.
After neutralisation with barium carbonate,
the barium uronates were isolated by ethanol
precipitation and freed from neutral sugars by
repeated dissolution and repreoipitation.
After removal of barium with ion-exchange
resin, the uronic acids (21.5$ of the poly¬
saccharide content of the starting material) in
a portion of the resulting syrup were separated
into two fractions by partition chromatography
on sheets of thick paper, using an acidic eluant.
Two fractions were obtained, the first being
identified as B-glucurone by the isolation of its
characteristic crystalline derivative with
j2-nitroaniline with correct melting point and
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mixed melting point#
The second fraction, which had the optical
rotation of h-glucuroiiic acid, gave no indication
Of galaoturonie acid in a sensitive colour test
with basic lead acetate, and was not osdLdlaed to
aucio acid on treatment with bromine water,
nitric acid being avoided as oxidant because it
-would oxidize the trace of contaminating galactose
which might have persisted in this fraction.
These results prove that at least th© syrup
obtained after degradativo hydrolysis of the poly-
:saccharide is free from galacturonio acid.
Mq-jfaylati,^ st^ea
The polysaccharide was methylated by three
treatments with dimethyl sulphate and alkali,
followed by partial removal of inorganic material
by dialysis, evaporation and three further
aethylations of the product. The partly-
2methylated polysaccharide was converted to the
"free-acid" form by acid dialysis, (yield 64/»?
ash 5*03$J methoxyl 28.4$)# 2?he low yield may
have been due to mechanical losses caused by
faulty construction of th© cellophane bags used
for dialysis - no evidence of degradation of the
polysaccharide was observed.
After removal of the remaining cations with
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ion-exchange resin, the partly methylated poly-
t saccharide was converted to the silver salt and
esterified by treatment with silver oxide and
methyl iodide. Ihree further treatments with
these reagent3 gave the methylated material
(Yield on starting material as polysaccharide 44$
Mp3 * 58.4°J OSle 42.3$) • Further treatment
with Purdi© reagents failed to raise the methoxyl
content. Attempted methylatlon in dimethyl
(131)
formamid© was unsuccessful*. Like the parent
polysaccharide, the methylated material was
extremely resistant to hydrolysis.
Partial methanolyais of the methylated
polysaccharide was achieved by heating v&th 8$
methanol!© hydrogen chloride for 18 hours at 100*
After hydrolysis of the glycosides with aqueous
hydrochloric acid, the solution was neutralised
and the product eventually obtained as a mixture
of neutral methylated sugars and barium uronates
from which the former were extracted with ether.
After a further hydrolysis of the barium
uronatos with 2M~sulphuric acid for 21 hours at
100°, evidence of degradation was apparent, the
product being recovered in diminished yield and




The neutral methylated sugar® (29/"' of the
methylated polysaccharide) were separated "by
partition chromatography on a column of powdered
cellulose using n-butanolilight petroleum:water




characterised as the crystalline aniline derivat¬
ive.
ZrasMS2Ll2
A mixture of 2:3:4:6-tetra-Q-methyl~I)-.galactose
and 314-di-0-mothyl-Ir-rhnroiioso which was separated
by partition chroraatography on a column of acid-
swashed "Celite" using bensenesethanolswater as
eluant. The first component was identified by
its analytical constants and the second was
isolated in crystalline form and was characterised
by its analytical constants and behaviour on
electroionophoresis in borate buffer of pH 10.
Fraction
2:3:6-Trl~0~mothyl-B-galaetose, which was
characterised by oxidation to the crystalline




3-O-methyl-L-rhamnose, which waa obtained in
crystalline form and identified by its melting
point alone and with an authentic specimen, and
by its X-ray powder photograph which was identic-
sal with that of the authentic material. In
addition, oxidation with bromine water produced
a syrupy lactone which had a characteristic
optical rotation agreeing with that previously
recorded.
She neutral methylated sugars were obtained








Barium uronates also present 4.0$
These proportions correspond to the weight
of the fully purified sugars obtained; the
original weights from the column were much higher.
The methylated acidic fraction wa3 exceed-
singly difficult to hydrolyse. Even after
methanolysis with 8$ methanolic hydrogen chloride
for 18 hours at 100° followed by II-hydro chloric
acid for 4 hours at 100° and 211-sulphuric acid
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for 21 hours at 100° the resulting syrup was not
completely hydrolysea into its constituent sugars
and uronic acid* It was, however, separated into
three fractions on a column of acid-washed
"Celite" using n-butanoltn-butyl acetate:acetic
acidmater as eluant.
The first fraction contained methylated
uronic acid and neutral methylated monosaccharide*
After treatment with methanolic hydrogen chloride
the mixed methyl ester, methyl glycosides were
reduced with lithium aluminium hydride* After
hydrolysis of the reduced glycosides, the result-
ting neutral sugars were partitioned on a column
of powdered cellulose using methylethyl
ketone:water:ammonia as eluant.
3:4:hi-Q-methyl-L-rhamnose was isolated and
identified "by its analytical constants, electro-
sionophoretic mobility and oxidation with
potassium periodate*
2:3 :4-Tri-0-methyl-I)-glucose was isolated
and characterised by its analytical constants
and by preparation of the crystalline aniline
derivative* As this sugar was not present
among the neutral sugars isolated on direct
hydrolysis of the methylated gum, it must have
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arisen "by the reduction of 2*3:4-tri-J>-methyl-
:D-glucuronic acid*
The second fraction (V"2) was also contamin¬
ated with neutral sugars, which were removed by
separation on thick paper. The third fraction
(Vj) was free from neutral sugars.
Both these fractions were investigated by
conversion to the methyl ester, methyl glycosides
reduction in tetrahydrofuran and hydrolysis of the
products.
The mixtures of monosaccharides obtained
were examined by paper chromatography} each
fraction was found to have given a complex
mixture of monosaccharides, some of which were
identifiable as compounds already characterised,
whilst others not previously observed were also




















(c) Lemon-brown 0.56 3-,0-Methyl-
I—rhamnose
Present Present
(d) Red-brown 0.46 Di-O-Methyl
herose
Absent Present
(e) Brown 0.28 Rhamnose Present Present




Tlie fractions from the methylated uronic





First fraction (V^) 16.6$
Second fraction (V2) 4.0$
Third fraction (V^) 1.7$
Reduction of the whole methylated poly¬
saccharide with lithium aluminium hydride in
tetrahydrofuran followed by remethylation with
methyl iodide and silver oxide gave the methylated,
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reduced, remethylated polysaccharide which was
treated with methanolic hydrogen chloride, then
hydrolysed with N-hydrochloric acid. As well as
exhibiting the components expected, the hydro-
slysate showed components (d), (e) and (f)
(page 50), indicating that these were not the
result of the severe hydrolytic conditions
employed on the methylated polysaccharide.
Assuming that the sugars were present in
the pyranose form in the original polysaccharide
(and this assumption is in agreement with the
stability of the polysaccharide to acid hydrolysis
and to aut©hydrolysis), then the methylated
sugars which have been fully identified indicate
that the following structural units are present
in the polysaccharide from Brachychiton
diversifoliuui (Sterculia caudata) •
(1) (ii) (iii) (iv)









Galactose residues ,(i) and (11),
Both of these have "boon found in Khaya
graridifolia gum (30) and although it also contain¬
ed a small quantity of a triply-linked galactose
residue this was not considered to be an integral
part of the structure, and has been claimed to
arise possibly from under-methylation or de-
jmethylation.
Sterculla setigera gum (4-1), though similar
to the above, contained sufficient triply-linked
galactose for the linkage points to be identified
as positions 1, 3 and 4; Cochlospermum gossypium
gum (29) was similar.
In contrast with these results, galactose
linked 1, 3 and 6 is the predominating residue
for the other gums examined.
It is, in fact, the only one found in cholla
(22) and mesquite (129) gums, whilst gum arable
(128) contains in addition end-group galactose.
Cherry (130) and egg plum (124) gums have 1, 3, 6-
and 1, 3-link.ed galactose, whilst damson gum (12?)
contains in addition 1, 3» 4, 6- and possibly
1, 2, 3, 6-linked galactose.
Rhamnose residues (iii) and (iv).
Both of these may be common to Sterculia
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setigera gum, but whilst (ill) was characterised,
the branch-point was not completely defined being
described as 1, 2, 4- or 1, 3, 4-linked rhamnose
or possibly both. Both are, however, common to
Cochlospermum gossypium gum, but this had in
addition rhamnose end group. Residue (iv) only
was found in Khaya grandifolia gum. By contrast
with these, gum arable contained rhamnose attached
only on the perimeter of the molecule.
Glucuronic acid residue (v).
The nature of the uronic acid in
Brachychiton diversifolium is in contrast with the
resemblances already drawn, since the three gums
with which it has been compared above, namely,
Sterculia setigera. Cochlospermum gossypium and
Khaya grandifolia> contain D-galacturonic acid,
although the last of these contains in addition
4-0-methyl-D-glucuronic acid, and that as end-
:group. Residue (v) has been found in mesquite
gum, however, and is common to gum arable as well
as cherry and damson gums, though these three
contain also 1,4-linked glucuronic acid. Egg
plum and sapote gums contain glucuronic acid
linked 1,4- and 1,2- respectively.
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The Uronlo Acids from the Partly-
thydrolysed Polysaccharide
Partial separation of the uronic acids (M,
page 79) was achieved by stepwise elution from a
column of anion exchange resin with increasing
concentrations of acetic acid# Two pure fractions
(Mp and (Mg) were isolated and identified and
four other acidic fractions wore isolated which
were mixtures and which gave glucuronic acid,
rhamnose and galactose on further hydrolysis.
Of the two pure fractions (ffi^) was identified
as glucuronic acid and the other (Mg) had [o6]p + 63°
and gave rhamnose and glucuronic acid on hydrolysis
and had the correct equivalent weight for an
aldobiuronic acid containing these two sugar
residues. Partial hydrolysis of a portion with
N-sulphurio acid at 100° for 4 hours gave a syrup
which on chromatographic analysis showed spots
corresponding to rharanose, glucuronic acid and
unchanged Mg. Reduction and hydrolysis of a
further portion of Mg follovred by chromatographic
analysis of the resulting syrup showed only
glucuronic acid and the complete disappearance of
rhamnose, Indicating that rhamnose carried the
free reducing group in the aldobiuronic acid.
The remainder of Mg was methylated and the product
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was reduced, with lithium aluminium hydride, to
the methylated disaccharide. The resulting
syrup was remethylated and hydrolysed. Chromato¬
graphic analysis of the product showed two main
spots and a slower fainter spot. Separation on
thick paper gave syrups corresponding chromato-
jgraphically and ionophoretically to 2:3*4:6-tetra-
jO-methyl-glucose and to 3:4-di-0-methyl-rhamnose
and giving rise to glucose and rhamnose respect¬
ively on demethylatlon. A trace of a tri-O-
smethyl-glucose which was isolated was considered
to arise from undermethylation of the aldobiuronic
acid.
These facts point to 2-O-oC-D-glucuronosyl-
1-rhamnose (I) as the structure of the aldo-
shiuronic acid.
(I)
( oC-linkage indicated "by positive
specific rotation.)
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That this is correct is supported by the isolation
of 3 s^idl-^methyl-L-rhamaose from the hydrolysed
methylated polysaccharide and of 2:3«4~tri-0~
imethyl-D-glucoso from the reduced metliylated
uronic acids. Additional support is found in
chromatographic detection of 2sos4sS-tetra-^-
jmethyl-glucose after hydrolysis of the methylated
reduced and remethylated polysaccharide • Although
2-0-D--galacturonosyl-Ir-rhamnose has been isolated
from other plant gums (29» 30, 4-0) and from okra
mucilage ( 12 )» this is the first reported
isolation of glucuronic acid glyccsidically
linked to the 2~position of L-rhamnose.
Some of the main structural features of the
gum exudate of Brachychiton diversifolium have
now been determined. Prom the results of
methylation studies, it is clear that end groups
of B-galaetose and D-glu.curonic acid are present
while L-rhamnose residues provide the main branch¬
ing points in the molecule. The isolation of
2:3:6-tri~0ymethyl-D-galactose indicates the
presence of l:4-linked galactose residues in the
polysaccharide•
Although D-glucuronie acid is certainly the
main acid constituent of the polysaccharide and
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no evidence for the presence of galacturonic acid
residues has been obtained, the presence of this
sugar cannot be completely ruled out in view of
the high resistance of the gum and methylated gum
to hydrolysis and the consequent degradation
when drastic conditions of hydrolysis are employed.
All attempts to separate the polysaccharide
into more than a single entity were unsuccessful,
but until more evidence is available it is
impossible to decide whether or not it consists
of a single molecular species.
EXPERIMENTAL
EXPERIMENTAL
General Methods used throughout the Work.
Unless otherwise stated:
Evaporations were carried out at 40° under reduced
pressure. Samples for analysis were dried over-
might in vacuo over phosphorus pentoxide.
Methoxyl determinations were carried out "by a
volumetric Zeisel method.
Small scale hydrolyses were carried out by treat¬
ing samples of the material (ca. 30 mg.) in
sealed tubes with sulphuric acid of the stipulated
strength at 100°. The hydrolysates were cooled,
and neutralised with barium carbonate. After
filtration, the solutions were evaporated to dryness.
Paper cliromatograms were run with control sugars
on Whatman No. 1 paper at a constant temperature
of 20°. The solvents used were:
I. Benzene*n-butanol: pyridine:water (1:5*3*3)
upper phase.
II. Ethyl acetatespyridine mater (10*4*3)
III. n-Butanol:ethanolmater (4*1*5) upper phase.
IV. Ethyl acetate:acetic acid:formic acidmater
(18*3*1*4)
V. n-Butanol:acetic acidmater (4*1*5) upper
phase.
VI. Benzene*ethanolmater (169*47*15) upper phase.
Papers were sprayed with a saturated aqueous
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solution of aniline oxalate and the spots were
developed at 120°. jo-Anisidine hydrochloride
(3$) in n-butanol containing a little stannous
chloride was used under similar conditions.
Rates of movement of sugars on the chromatograms
are described in terms of the following ratios:
ftp
RG
Distance travelled by sugar
»» ii ii solvent front
Distance travelled by sugar
ii ii it 2:3:416-tetra-O-methy!
D-glucose
R« 2_ - Distance travelled by sugar~~ii ii ii D-galacturonic acid
Electroiono-phoresis experiments were carried out
in an apparatus modelled on that of Poster (85)*
Whatman No. 1 paper was used in a sodium hydroxid
boric acid buffer of pH 10. lime for equilibrat-
sion was 15 minutes. After running for 4-6 hours
(500 V., 12.5 mA) the paper was dried, and the
sugars located by the aniline oxalate spray
(+5$ acetic acid).
Demethylations were carried out on partly-
smethylated derivatives by treatment with hydro-
sbromic acid in a sealed tube at 100° for 5-10
minutes, followed by neutralisation with silver
carbonate and deionisation of the filtrate either
by evaporation and ethanol extraction or by
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passage through a column of cation exchange resin
(Amherlite IH-120, H). The products were ident¬
ified chromatographically.
Tetrahydrofuran for reductions with lithium
aluminium hydride was dried by allowing it to
stand over sodium for 1-2 days, then refluxing
and distilling from sodium. The distillate was
then refluxed with lithium aluminium hydride for
30 minutes and distilled, moisture being excluded
at all stages by fitting calcium chloride tubes.
A saturated solution of lithium aluminium hydride
in tetrahydrofuran (ca. 0.12g. per ml) was pre¬
pared by refluxing the two for 5-10 minutes and
removing excess of the solid on the centrifuge
in stoppered tubes.
Thick naner sheets (Whatman 3MM) for ehromato-
sgraphic separation of small amounts of sugars
were subjected to a preliminary extraction with




Brachychiton diversifolium: the Crude Cum.
The gum, obtained as translucent nodules
with a slight brown colouration, was contaminated
with bark and had a resinous odour. In contact
with water it swelled forming a thick gelatinous
mucilage•
Three nodules of differing appearance were
powdered separately and dried to constant weight
over phosphorus pentoxide at 60° under reduced
pressure (loss of weight: 17$). Analysis
showed that the samples were not significantly
different in composition, and the following
results are averages of the three separate
investigations.
Ash content
A weighed sample was completely Incinerated
in a tared platinum crucible, which was then re-
rweighed.
Found: Ash » 4.1$»
Methoxyl
Found: Methoxyl = 1.4$.
Acetyl
A weighed sample was submitted to alkaline
hydrolysis according to Clark (57)* After
acidification, the liberated acetic acid was
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steam-distilled and titrated with standard sodium
hydroxide•
Pounds Acetyl = 19*3$ (as OAc)
Reducing power
The gum did not reduce Pehling*s solution
on heating. No insoluble complex was formed.
Elements present
A Lassalgne sodium test showed the absence
of nitrogen, halogens and sulphur. Absence of
nitrogen was confirmed by a Kjeldahl estimation,
the sample giving a result indistinguishable from
that of the "blank".
Complete Hydrolysis and Chromatography of the
Produots.
A sample of gum was heated for 24 hours
at 100° with 2N-sulphuric acid. The solution,
which had become dark brown, was neutralised with
barium carbonate and the insoluble barium salts
removed by filtration. The filtrate was treated
with decolourising charcoal, then evaporated to a
syrup which was examined by paper chromatography
(solvent I.). Investigation with a variety of
spray reagents revealed spots corresponding in
position and colour to glucurone, rhamnose,
galactose and barium uronatesj the latter remain-
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:lng at the starting line. Paint spots corres¬
ponding to xylose and arabinose were also detect-
xed.
After removal of barium from the hydrolysate
with ion-exchange resin (Amberlite IR-120.H)
chromatographic examination in an acidic solvent
(solvent IV.) gave no evidence of acidic oligo¬
saccharides •
Solubility in Water and Precipitation of Separate
fractions
The gum (lOg.) was stirred with water
(500 ml.) at 50° for 30 minutes. Bark was
removed by squeezing through muslin and the pro-
xduct submitted to centrifugation. The super-
matant liquors (200 ml.) were acidified to pH2
by addition of dilute hydrochloric acid, and
ethanol (4 volumes) was added. After standing
at 0° for 18 hours the solution had deposited a
white gelatinous precipitate which was removed
on the centrifuge, then dissolved in water.
After reprecipitation in acetone and dissolution
in water (three times), the solution was free from
chloride ions and the product was then isolated
by freeze-drying as a white fibrous solid
(0.075 g.) + 550 (c. 0.18 in R-sodium
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hydr023.de). further extraction of the original
mucilage with water (300 ml.) gave a second,
(O.Q5g., reprecipitated with 4.5 volumes of
acetone), and a third fraction, (O.Olg., reprecip-
sltated with 10 volumes of acetone). These were
isolated as above.
Complete hydrolysis and chromatography
showed that the three fractions were not signific-
tantly different from the crude gum in composition
Dissolution of the Gum and Fractional Precipit-
?ation of the Polysaccharide
The crude gum (4.0g.) was shaken for 18
hours with N-sodium hydroxide solution (200 ml.)
in an atmosphere of nitrogen. After aeidific-
:ation (pH 2) with hydrochloric acid, ethanol
was added gradually. 3y this means the poly¬
saccharide was precipitated in discrete fract¬
ions which wore Isolated, triturated free from
chloride ion with ethanol, then washed with ether
and dried over phosphorus pentoxide under vacuum.
The fractions isolated were as follows:
(A) 1.41 g. (1.5 volumes of ethanol added)
(B) 0.15 g* (2.0 volumes « « »» )
(C) 0.03 g. (5.0 volumes « «» n )
(D) 0.01 g. (7.0 volumes « « « )
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Further addition of etlianol resulted in
precipitation of sodium chloride. Bach fraction
was examined by complete hydrolysis and chromato-
:graphy, when (A) end (B) were found to be
identical in containing substances corresponding
to glucurone, rhamnose, galactose and barium
uronates, whilst (G) and (D) were similar, but
showed in addition traces of pentoses correspond¬
ing to xylose and arabinose.
Braohychiton diverslfoHum Gum:
the Isolation of~the Pure Polysaccharide
The crude gum, finely powdered in the ball
mill, was then purified in batches according to
the following procedure:
The gum (4.0 g.) was shaken for 18 hours
with N-sodium hydroxide solution (200 ml.) in an
atmosphere of nitrogen. The solution was chilled
and acidified (pH 2) by addition of hydrochloric
acid (50ft). Fragments of bark were removed on
the centrifuge and the polysaccharide was then
precipitated by slow addition of the solution
to ethanol (5 volumes) with vigorous stirring.
The precipitate was removed by filtration,
then redissolved in water ("Ato-mix" disperser),
acidified and precipitated in ethanol as before.
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After isolation, the polysaccharide was triturated
with ethanol until free from chloride ions, washed
with ether, then dried to constant weight over
phosphorus pentoxide (60°/l2 mm pressure) :
yield 2.2 g.
Properties of the Pure Polysaccharide
The polysaccharide, isolated as a white
fibrous solid had + 69° (£• 0.40 in N-
:sodium hydroxide)? ash: 0.83$? acetyl: nil.
Methoxyl content
A sample was freed from adhering ethanol
by dissolution in water and reprecipitation by
addition to glacial acetic acid. After removal
on the centrifuge, the polysaccharide was re-




The polysaccharide (0.05 g*) in borate
buffer of pH 10 (10 ml.) gave a single symmetrical
peak when examined in the Antweiler micro¬
electrophoresis apparatus (1.5 mA, 35 V., 10 mins.)
Equivalent weight
A weighed quantity of polysaccharide was
allowed to stand with excess of standard sodium
hydroxide solution until it had dissolved. The
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excess of alkali was then determined by titration
with standard acid in presence of phenolphthalein
and corrected for a "blank" determination run
concurrently.
Found J Equivalent weight = 342.
Uronic anhydride (60)
A weighed amount of polysaccharide was
quantitatively decarboxylated by heating with
191° hydrochloric acid, and the carbon dioxide
liberated was determined by absorption in
standard alkali, the excess of alkali being
determined by titration, after addition of
barium chloride solution.
Pounds Uronic anhydride = 50.1$ (average
of two determinations)
Autohvdrolysis of the Polysaccharide
She polysaccharide (1.46 g.) was heated
with water (150 ml.) at 95-100° under reflux
until it dissolved (about 1 hour). She course of
heating after this time was followed by chroraato-
sgraphy of aliquot portions of solution and by
hypoiodite oxidation (99): the cooled solution
(10.00 ml.) was added to a buffer solution
(sodium hydroxidei disodium hydrogen phosphate)
of pH 11.4 (25.0 ml.) followed by addition of
0.1 E-iodine (5.00 ml.). She tube was stoppered
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and after two hoars sulphuric acid (3^: 50 ml.)
was added and the liberated iodine titrated with
standard sodium tliiosulphate solution. Turbidity
of the solution prevented polarimetric readings.
Time of heating Iodine Ho. (mis. 0.1 IT-iodine
taken upper g. of





Ho monosaccharides were detected in the aliquots
(paper chromatography)• After 24 hours the
solution was cooled and the polysaccharide
precipitated by pouring into ethanol. The
ethanolic solution after concentration was found
to contain traces of galactose, rhamnose and
pentoses (paper chromatography)•
The Course of Acid Hydrolysis of the Polysaccharide.
The polysaccharide (2.00 g.) was heated
with H-sulphurie acid (100 ml.) at 100°. At
hourly intervals samples were tested for iodine
uptake (2.00 ml. aliquot). Optical rotations
were taken after two hours' heating and from then
onwards due to the initial turbidity of the solut¬
ion.
Time (hams) 1 2 3456789 13
[°t]p6 - +104°+10^> +99P+98°+91° +90° +9& +86P +77°
Iodine 29 40 46 51 52 51 50 51 54 59
Ho.
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The iodine uptake was determined by the method
used in the autohydrolysis experiment above,
except that to avoid changing the pH of the buffer
solution, the sample of test solution was first
neutralised by the addition of a calculated amount
of standard alkali.
Complete Hydrolysis of the Polysaccharide
and Quantitative Chromatography of tlx? Neutral Sugars
A known weight of polysaccharide was
hydrolysed at 100° with 2N-sulphuric acid for 24
hours. After cooling, a weighed amount of ribose
was added (for first method of estimation only).
The mixture was neutralised with barium carbonate
and the insoluble barium salts removed by filtrat-
:ion and washed. After treatment with decolour-
iising charcoal, the solution was again filtered.
The filtrate and washings were evaporated to
dryness, taken up in water and again filtered
and evaporated to yield a residue which was
dissolved in a known volume of water. An aliquot
portion of the sugar solution was accurately
delivered on to the chromatography paper (Whatman
No. l) with an Agla semi-micro syringe, and the
paper irrigated with solvent No. I. It was then
dried at room temperature for 24 hours in vacuo
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and tho sugars located by apraying side and
central strips with aqueous aniline oxalate*
Sections of the chronatograa corresponding
to rhamooe, ribooo and galactose were cut out
along with a "blank" strip# and the sugars were
estimated as follows i
(i) Estimation by poriodat.o oxidation to l?ormie
A9A* \T4 /,»
She paper strip© were extracted under reflux
with water (5 nl*) for 45 ninutea* fhe solutions
wore heated with 0,25 M sodium notapcriodato
solution for 20 ninutoe at 100° in stoppered
tubes (8" x 1")# tho upper parts of which wore
cooled by condenser coils* Ethylene glycol
(neutrals 0.5 ml*) was added to the cooled
solutions and after five minutoo tho forraio acid
present was estimated with 0*01 H carbonato-freo
sodium hydroxide solution using methyl-red
indicator, the values being corrocted for the
"paper blank"*
foundi the polysaccharide contained
23/' sahydro-rharmoso and 27^
anhydro—galactoso (average
result of four doterninations)*
In a typical experiment utilising tho
polysaccharide (0*173 g*) and ribose (0.0236 g*)
the hydrolysato was made up to 10 nl. with water
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and an accurately-measured volume (0.200 ml.)
applied to the ohromatogram. The results
obtained weres
0.01IT Estimated Wt. of $age of
Sodium 7/t. of " anhydro- anhydro-
Hydroxide Sugar in sugar in sugars in
t'itre(mlT 10 ml. of 10 ml.of the poly-
(blank Solution solution :saccharide
Sugar 0.040 ulU " (g.) (g.)
Rhamnose 1.270 0.025 0.022 23.5
Galactose 1.596 0.028 0.025 26.5
Ribose 1.160 0.021 — -
5£ (Allowing 50$ of starting weight
as uronic anhydride).
Proportion of pentoses present: pentoses were
not detected on the guide strips and sections of
the chromatogram which might have contained pent¬
oses were found not to differ significantly from
the "paper blank" when examined in the above
manner.
Recovery from Hydrolysis:
Assuming that each sugar is lost by
absorption on the barium salts to the same extent
as the ribose; the corrected weights of sugars






Since the uremic anhydride constitutes 50.
of the polysaccharide, the total weight accounted
for is*
Neutral sugars 0.053 g«
Uronic anhydride 0.089 g#
Total 0.142 g.
This represents a recovery of 80$ of the weight
of the polysaccharide hydrolysed.
'
(ii) Colorimetric Estimation with benzidine and
glacial acetic acid (98).
The paper strips were extracted under reflux
with 90$ methanol and the solutions were evaporat-
xed to dryness under reduced pressure. The
syrups obtained were dissolved in a known volume
of water and portions (1.00 ml.; containing not
more than 600yW,g. of sugar) were placed in test-
:tubes (7" x 1") provided with small glass spheres
to prevent entry or loss of water. The benzidine
reagent (5«00 ml. of a 0.2$ solution of benzidine
in glacial acetic acid containing 0.1$ stannous
chloride) was added from a burette. After
mixing, the tubes were heated in a vigorously-
boiling water bath for 30 minutes, then cooled in
running water. The colour was then measured in
a Hilger "Spekker" photoelectric absorpticu
:meter using a violet filter (Ilford No. 601,
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wavelength 425 and a 0.5 cm. glasa cell.
Tin weight of sugar in the test solution was
obtained by reference to a calibration curve
prepared from standard solutions run concurrently.
Founds the polysaccharide contained
26$ anhydro-rhamnose and 24$
anhydro-galaoto se (ave rage c£
two determinations).
In a typical experiment utilising the
polysaccharide (0.0988 g.)f the hydrolysate was
made up to 5.00 ml. with water and an accurately-
rmeasured volume (0.250 ml.) applied to the
chromatogram.
(a) Readings of standard solutions
Galactose Spekker Rhamnose Snekker
^ug.) reading (/*£•) reading
250 0.295 130 0.155
280 0.305 287 0.340
501 0.580 443 0.660
(b) Readings of test solutions
Galactose: 0.450 corresponding to 347/^-g. of
anhydro-sugar
Rhamnose: 0.600 » " 379/^g* of
anhydro-sugar
Thus the proportions of anhydro-sugars present
are
Galactosetlhamnose = 1:109
Allowing for 50.1$ uronic anhydride in the poly-
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She Oolorinetric Estimation of Rhaimose in the
Polysaccharide CWT ~~
To an aqueous solution of the poly¬
saccharide (1,00 ml.) containing 2-15 /*g# of
rhamnose, there was added with oooling in ice a
mixture (4.50 ml.) of water (1 volume) and con¬
centrated sulphuric acid (6 volumes). An
aqueous solution of cysteine hydrochloride
(3$: 0.10 ml.) was then added with shaking.
(The solution of cysteine hydrochloride was
stored in a brown bottle at 0° and used within
48 hours after time of preparation.) The
extinction coefficients of the solution at 3960A
and 4300A were determined against a water blank
(Unlearn spectrophotometer 3.P. 500) and the
difference (^3960-4300^ calculated. Since
the figure so obtained was directly related to
the weight of rhamnose present in the original
solution, this latter quantity could be calculat¬
ed by reference to the difference in extinction
coefficients of a standard rhamnose solution run
concurrently.
Found: anliydro-rhamnotae content
of the polysaccharide » 23.9$
(average result)•
In a typical estimation employing the
solutions t
(F) 49«8yU/g. of polysaccharide per ml.
(0) 7".21yU/g. of rharanose per ml.





From (G-), a difference in extinction coefficients
of 0.131 corresponds to a rhamnose content of
7.21yug. per ml. (or 6.42/xg. anhydro-rharanose
per ml.) The polysaccharide solution (F) thus
contains il.9y*xg. of anhydro-rhamnose per ml.
therefore, anhydro-rhamnose content of the
polysaccharide = 23.9$» whilst anhydro-galactose
content « 26.0$ by difference (allowing for 50.1$
uronic anhydride).
Partial Hydrolysis of the Polysaccharide
(a) Separation and Characterisation of the Neutral
Sugars.
The polysaccharide (9.45 g.) was hydrolysed
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with N-sulphuric acid (500 ml.) for 7 hours at
100°. The solution was cooled then made slightly
alkaline with barium hydroxide solution, excess of
alkali being removed immediately with carbon
dioxide. Insoluble barium salts were removed
on the centrifuge and the supernatant liquors and
washings were evaporated to dryness under reduced
pressure. The residue was extracted with cold
water and the extract filtered and poured into
well-stirred methanol (10 volumes). The precipit-
:ated barium salts were exhaustively extracted
with hot methanol and the total methanollc liquors
evaporated to a syrup (K) (3.11g.), leaving the
barium uronates (L) (5*38g.) as an amorphous
solid.
Fractionation of the Neutral Sugars by Partition
Chromatography on a Cellulose Columnar"*"""
A cellulose column (850 x 27 m.m.) was
washed with water, n-butanol and finally n-butanol
two-thirds saturated with water. The syrup (K)
was dissolved in the minimum of water and applied
.
to the top of the column which was developed with
ethanol (250 ml.) and subsequently with n-butanol
two-thirds saturated with water. The eluant was
collected in 7-8 ml. portions by means of an
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automatic fraction-cutter. Every tenth tube was
evaporated and examined chromatographically.
Tubes containing the same sugar were then combined
together with their water-washings and evaporated
to dryness. Initial purification was effected
by cold-water extraction when a wax-like material,
possibly degraded cellulose was left behind.
When galactose had been completely eluted
the solvent was changed to n-butanol:acetio acids
water (4:1:5, organic phase) in an attempt to
fractionate the uronic acids. Ho fractionation
was effected, however, and the residual uronic
acids were eluted from the column with water.






































values are related to
I and II were used,
the former.
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Sscasftnatflon of the Fractions.
Fraction |U Syrup 0*021 g.
Tills gave a positive Selivanoff test*
Fraction BL 0.260 g« Mg° ♦ 3.4° (c*^l,07 in
This fraction crystallised on removal of
solvent* Recryetalllsation was effected from
moist butanol yielding L-rhamnose liydrato
m.p. 88-90° (not depressed on admixture with an
authentic sample). Treatment with a saturated
alcoholic solution of bensoylhydrasin© (40)
gave a crystalline hydrasone m.p. 186 -189°
(decomp.) undepressed on admixture with an
authentic specimen.
Fraction, ,K3 0*046 g.
Tliree components were observed in tills
fraction (paper chromatography) corresponding
to rhamnoso, xylose and arabinoso* Visual
inspection of the intensities of the spots
suggested that rhamnoae comprised the bulk of
the fraction with xylose and arablnose liaving
a combined weight not exceeding 0*015 g»
Fraction 0.351 g. W|° +33° (c.q3.55 In
Tliis fraction crystallised on removal of
solvent* Reorystallisation from methanol
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yielded D-galaetose m«p. 163-165° (not depressed
on admixture with an authentic specimen.) The
identity of the sugar was further established by
the preparation of the diethylmercaptal (101)
having m.p. 140-141° (not depressed on admixture
with authentic galactose diethylmercaptal).
Fraction Kr- 1.430 g.
This fraotion, eluted partly with n-butanol:
acetic acid:water and finally by washing with
water was added to the material (1) (page 76).
(b) Examination of the Barium Uronates.
The barium uronates (i + fraction K^) (6.81g.)
were dissolved in water and converted to the free
uronic acids by passage through a column of ion-
sexchange resin (Amberlite IR-120, H). Removal
of solvent gave an amorphous solid (4.66g.) (M)
of equivalent 7/eight 338 and iodine number 45.4).
Hydrolysis of a small portion (2N-sulphuric acid
at 100° for 18 hours) followed by neutralisation
with barium carbonate showed rhamnose and galact¬
ose to be present (paper chromatography)•
A portion (0.20g.) was boiled with methanollc
hydrogen chloride (4^) for 7 hours. After
«• so —
neutralisation with silver carbonate, filtration
and evaporation, a syrup (0.15 g.) was obtained
which was reduced by addition, in aqueous solution
(2 ml.), to potassium b°^Ohydride (O.lg.) in water
(1.5 ml.). After 2 hours, excess of acetic acid
was added and ions removed on a mixed-bed resin
column (Amberlite IR~120,H and IR-4B,0H). The
eluant was partly evaporated, made Hormal with
sulphuric acid, heated for 7 hours at 100° then
cooled, and neutralised with barium carbonate.
Filtration and evaporation gave a syrup (0.07 g.)
containing galactose, rhamnose and glucose, this
last being eliminated on treatment with the
specific enzyme glucose oxidase (paper chromato-
sgraphy). Quantitative chromatography by the
periodate method (page 70) showed that the
ratio of total hexoseirhamnose was 3.3:1 by
weight.
The Isolation and Characterisation of
Glucose after Reduction of the Partly-
ihydrolysed Polysaccharide and ihe
Estimation of the Glucose by Selective
ISzymic Oxidation.
A fresh quantity of polysaccharide (8.2g.)
was hydrolysed with N-sulphuric acid (300 ml.)
for 7 hours at 100°, After cooling, the solution
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was neutralised with barium carbonate and filtered.
The filtrate was evaporated to dryness, the
residues extracted with cold water and the extracts
evaporated to a pale-brown amorphous solid (8.2g.)f
which was then dissolved in water and deionised
by ion-exchange resin (Amberlite IR-120,H),
yielding a solution of neutral sugars and uronic
acids. The solution was evaporated to a syrup
which was dried over phosphorus pentoxide under
reduced pressure then boiled with methanolic
hydrogen chloride (4f°) for 6 hours. After
cooling, the solution was neutralised with silver
carbonate, filtered and the methanol distilled.
The residue was dissolved in water (50 ml.) and
added slowly and with stirring to a solution of
potassium borohydride (4g.) in water (60 ml.)
then left for 2 hours.
Excess borohydride was destroyed by
addition of dilute acetic acid, and ions were
removed by passage through columns of ion-exchange
resins (Amberlite IH-12C$I and IS.-4B, OH). The
solution was evaporated to dryness, traces of
borate being removed by repeated evaporation with
methanol. The syrup finally obtained (5*lg») was
hydrolysed by heating with !T-sulphuric acid for
L
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7 hours at 100°. After cooling, neutralising
with barium carbonate and working-up in the usual
way a syrup (P) (4.4gO composed of neutral sugars
was obtained#
(i) Separation of the Constituents
A portion of the syrup (P) (2.19g.) was
dissolved in aqueous ethanol (1:1, 20 ml.) and
applied to a Grycksbo filter paper column
(L.K.B. 3391)• After development with n-butanol
(200 ml.)rjrbutaaol undersaturated with water was
used as eluant (prepared by saturating n-butanol
with water at 0° and allowing the separated
organic phase to warm to room temperature before
use). She solution issuing from the column was
collected in 25 ml. fractions at a flow-rate a£
80 ml. per hour, examined chromatographically
and bulked in the usual manner. She fractions
so obtained are listed below. Since, contrary
to expectation from the results of pre-washing
the column, the fractions were contaminated with
a persistent cloudiness, which prevented the
recording of optical rotations, only the fraction
(Pp.) corresponding to glucose was clarified by a
laborious process of evaporation, drying out and
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dissolution in water or ethanol, She other
fractions are reported according to paper chroma¬
tographic analysis, the ma^or fractions being
characterised as crystalline derivatives• She
contaminant may have been degraded polythene since
this substance was used to heat-seal the column
after the failure of paraffin wax recommended by
the manufacturers,
Fractions obtained,
P^» lubes 200-414♦ 0,478g, L-rharanose•
Characterised as the 2:5-dichlorophenyl-
:hydrazone m,p# 171° (not depressed on admixt-
:ure with a specimen of the authentic Ir-rhamn.os
derivative)•
P2 Tubes 415-521, 0.036g. Hhamnose and xylose,
"Visual examination suggests the proport-
sions 4si respectively for these sugars,
P^ Tubes 522-589. 0.020g, Rhamnose, xylose
and arabinose in the ratio 4:1s3 (visual
estimation) *
P^ Tubes 590-640 0,019 g« Arabinose and
glucose in the ratio ls2 (visual estimation)
Tubes 641-736. 0,133 g# h-glucose.
On purification of a portion <b,030£*) and
recrystallisation from ethanol and petroleum-
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other crystals were obtained (0.0078g.) having
Mj8 + 53° (c. 0.70 in H20) equilibrium value,
and m.p. 148-149° (not depressed on admixture
with D-glucose which had been recrystalli3ed in
a similar manner).
P6 Tubes 737-751. 0.563g. Glucose and galactose
in the ratio lsl (visual estimation).
Py Tubes 751-951 0.631 g. D-galactose.
Characterised as the 2s5-dichlorophenyl-
shydrazone m.p. 196-197° (not depressed on
admixture with a specimen of the authentic
D-galactose derivative).
(ii) Quantitative Analysis of S:/rup (P)
The Estimation of Glucose in -presence of Galactose
and Rhamnose *
The method is based on the determination
of the reducing power of the mixed sugars towards
the Somogyi reagent (307) before and after treat-
xment with glucose oxidase (108), an enzyme which
catalyzes the oxidation of glucose to the non-
:reducing gluconic acid (106). Preliminary
experiments established that the enzyme preparat¬
ion (commercial "Dee-O" manufactured by the
Takamine Corporation) interfered with the inter¬
section between the Somogyi reagent and the reducing
sugars. This effect was eliminated by deprotein-
risation of the incubated digests with zinc
sulphate and barium hydroxide solutions before the
estimation of reducing power. In addition, how-
:ever, the enzyme showed slow oxidative activity
towards galactose• Whilst this reaction was
*
appreciable after 16-18 hours, it was not signif¬
icant after an incubation period of 3 hours
which was sufficient for the complete oxidation
of glucose under the experimental conditions
employed. This was verified by the fact that a
prepared sample containing slightly more glucose
than the test solution was completely oxidized;
in addition paper chromatography of the test




An aqueous preparation (1.00 ml.) of glucose
oxidase (0.075 g* in 10 ml. of water) was added
to an aliquot portion (5•00 ml.) of the mixed
sugars solution. The mixture was incubated far
3 hours at 36°, then water (0.40 ml.) was added,
followed by zinc sulphate solution and barium
hydroxide solution (0.30 ml. each) which had been
prepared according to Nelson (109)• The pre-
rcipitate was removed on the centrifuge and a
portion of the supernatant solution (5#00 ml.)
withdrawn for the estimation of reducing power by
the Somogyi method (107). A "blank" determinat¬
ion was carried out simultaneously in exactly
the same manner, except that the enzyme preparat¬
ion was inactivated by heating at 100° for 10
minutes before use.
Estimations of Glucose
Reducing powers are expressed as ml. 0.01 E-
sodium thiosulphate solution and in each instance
have been calculated so as to refer to a 5.00 ml.
aliquot of the original solution of mixed sugars.
Control solutions:
Q R
0.60 mg. rhamnose ) per 0.55 rag. rhamnose)per
1.49 mg. galactose)5.00 ml. 1.30 mg. galactose)5»00ml,
0.25 mg. glucose jaliquot 0.41 mg. glucose )aliquot
Test solution:
Syrup (P) (45«2 mg.) was dissolved in
water and made up to 100 ml. giving
solution (S) (5.00 ml. is equivalent




"blank" 6.55 ml. 6.41 ml. 5.29 ml.
Reducing power of
incubated solution 5.65 ml. 4.90 ml. 3.98 ml.
Decrease in reduc-
:ing power after
incubation 0.90 ml. 1.51 ml. 1.31 ml.
Glucose per
5.00 mis. mixed
sugars solution 0.26 mg. 0.44 mg. 0.39 mg.
Recovery of glucose 104$ 107$ -
Foundt Percentage of glucose in
syrup (Pj = 17.7$ (average
of two determinations)•
Proportion of Rhamnose in the Svrux>
Portions of the syrup (P) were examined "by
quantitative chromatography. From each chromato-
:gram two strips were cut and eluted, one far
rhamnose and one for total hexose (galactose and
glucose) a "blank" determination was also carried
out. The sugars were estimated by the periodate
method.
Found: rhamnose content (identical









Composition of the S.vrup
From the above results and neglecting
traces of pentoses, the syrup comprises:
D-glucose 17.7$ (by enzymic oxidation)
L-rhamnose 24.2$ (by quantitative chromato-
:graphy)
h-galactose 58 .I# (by difference).
Found for the syrup: Mi® + 55° (c. 1.10 inD V>
OC\ A
The above composition requiresM^ + 58 •
Separation and Identification of the Uronio
Acid produced on Complete Hydrolysis.
The crude gum (12.5 g.; equivalent to
6.85 g« of pure polysaccharide) was hydrolysed
completely as before (page g2 )• The neutralised
filtrate was evaporated to dryness and the residues
were extracted with cold water giving a dark-brown
solution, which was treated with decolourising
charcoal and again filtered. The solution (100 ml.)
was poured slowly into ethanol (500 ml.) with
stirring, and the precipitated barium uronates
removed on the centrifuge. These were re-
:dissolved in water, reprecipitated in ethanol,
and isolated as before. The barium salts were
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found to contain a trace of galactose (paper
chromatography)• She salts were dissolved in
water (50 ml.) and freed from barium by passage
through a column of ion-exchange resin (IR-120, H'
The solution of free uronic acids on evaporation
gave a syrup (1.47 g.) of which a portion (0.2 g.]
was separated on sheets of thick paper (Whatman
3 MM; solvent IT) yielding two fractions which
were eluted with cold water and evaporated to
dryness.
Fraction H. 0.039 g.
This material, which was chromatographic-
:ally identical \dth glucurone was converted to
the j>-nitroaniline derivative by the method of
Hamilton, Spriestersbach and Smith (123)•
Yellow crystals (0.020 g.) were obtained which
were tiled; giving after recrystallisation
from methanol, yellow needles, m.p, 128-130°
(with slight decomposition) not depressed on
admixture with the authentic n-nitroaniline
derivative of D-glucurone.
Fraction J. 0.116 e. Mi8 + 33.6° (o. 1.16 ind -h2o)
The chromatographic behaviour of this
material showed it to be identical with glucuronic
acid (Md + 36°) and/or galacturonlc acid 51°) •
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On treatment of a portion with "basic lead acetate
solution according to Ehrllch (105) a yellow-
:brown precipitate similar to that from glucuronic
acid and distinct from the brick-red precipitate
given by a "control" sample of galacturonic acid
was observed. The remainder of the fraction
(ea. 0.10 g.) was tested for galacturonic acid (35)
by adding water (5 ml.) and bromine (1 ml.). After
standing at 30-35° in a stoppered flask for 4
days, the solution was aerated to remove excess of
bromine and evaporated to dryness. The residue
was dissolved in N-sodium hydroxide solution,
filtered, and acidified by dropwise addition of
concentrated hydrochloric acid. No precipitation
was observed on prolonged standing.
Methvlation of the Polysaccharide
The crude gum (40 g.) (equivalent to 22 g.
of pure polysaccharide) was purified by the
standard method (page 65), except that the poly¬
saccharide after one precipitation in acid
ethanol (pH 4) was pressed-out on a Buchner
funnel,and methylated as follows:
The polysaccharide was dissolved in sodium
hydroxide solution (30$; 600 ml.), in an atmos-
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sphere of nitrogen which was maintained during
all further methylations involving sodium hydroxide,
and the solution cooled. Dimethyl sulphate
(270 ml.) was added dropwise over 8 hours with
vigorous stirring, the temperature being kept
below 15°• After 18 hours, sodium hydroxide
solution (30io\ 600 ml.) and dimethyl sulphate
(270 ml.) were added dropwise over 6 hours. On
the following day a solution of sodium hydroxide
180g.) in water (200 ml.) and dimethyl sulphate
(270 ml.) were added as before over 8 hours.
After chilling, the solution was just acidified
by cautious addition of aqueous sulphuric acid
(50$), dialysed against running water for 24
hours, and evaporated to 200 ml. bulk. The
methylation was repeated three times with sodium
hydroxide (30fo; 600 ml.) and dimethyl sulphate
(270 ml.), then the solution was acidified as
before and dialysed for 4 days. The pH was
then adjusted to 2 with sulphuric acid and after
addition of a further equal volume of acid, the
solution was dialysed free from sulphate ions
and evaporated to an amorphous solid (14»0g.)
having ash content 5*03/6 methoxyl 28.4$» A
portion of the partly-methylated polysaccharide
(9.0 g.) was dissolved in water and deionised with
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ion-exchange resin (Amberlite IR-120,H) then
stirred overnight with an 8-10 fold excess of
silver carbonate. After filtration and freeze-
«
:drying, the amorphous silver salt was triturated
with methyl iodide (50 ml.) then refluxed for 2
hours with the addition of silver oxide (4 g.)
in portions (0.5 g«). The product was isolated
by filtratiohand evaporation and after three
methylations according to Purdie with methyl
iodide and silver oxide yielded the fully-
:methylated polysaccharide (6.2g.), + 68.4°
(c. 1.17 in CHClj) OMc 42.3$« Further treatment
with Purdie's reagent failed to increase the
methoxyl content.
The Effect of Pimethylformamd.de on Methylation
with Purdie * s Reagent s "
The partly-methylated polysaccharide
(O.lg.j esterifiedj OMe 32.8$) was dissolved in
anhydrous dimethylformamide (1 ml.) and methyl
iodide (2 ml.) and silver oxide (O.lg.) were
added. The flask was stoppered and allowed to
stand with occasional shaking? two further
portions of silver oxide (O.lg. each) were added
over 3 days. A further addition of silver oxide
was then made and the flask was mechanically
shaken for 24 hours. The mixture was filtered,
the residues being washed with dimethylformamide,
then with, chloroform. Filtrate and washings were
combined, allowed to stand overnight at 5°> then
filtered. Chloroform was removed by reduced-
tpressure distillation at the water pump, and
residual dimethylformamide was distilled under
high vacuum (bath temp. 40d/l8sum.). The
product (0.097 g») had OMe 33.7$* and was not
further examined.
^TQljala of the MethylatedmPolysaocharid^;
Separatio^^hie J!?:;^%al 3ugars from thg.Uroniu Aoidi:
The methylated polysaccharide (6.Qg.) was
haated for 18 hours with 8$ mothanolic hydrogen
chloride (130 ml.) at 100° in a sealed, tube.
After neutralisation with silver carbonate, the
solution was filtered and evaporated to a syrup
which was hydrolyaed with aqueous hydrochloric
acid (4$) for 6 hours. The solution, was neutral-
lised with silver oarbonate, filtered and treated
with hydrogen sulphide to precipitate silver ions.
After a further filtration the solution was made
alkaline with barium hydroxide, excess of alkali
being removed by passage of carbon dioxide through
the solution. The precipitate was removed by
filtration and the solution evaporated to a
visoous syrup (5.73 g.) from which the neutral
methylated sugars were extracted by refluxing
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with dry diethyl ether (4 x 100 ml.; 30 mine#
each)• Evaporation of the ethereal extracts
gave a syrup (T) (1.54 g*) I'he residual "barium
salts (3»99g») were subjected to further hydrolysi
at 100° with sulphuric acid (2M) for 21 hours.
After neutralisation of the cooled solution with
"barium carbonate and filtration* the residues were
extracted exhaustively with water, first at 20°
and then at 40° until the extracts gave no posit-
live xiollsch test. Evaporation of the extracts
gave a brown amorphous solid. A further quantity
(0.20 g.) of neutral sugars was extracted from
this with dry ether and added to (T) above, fhe
residue consisted of barium uronatos (U) (2.10g.).
Aih^ars ,(T)
ihe mixture of neutral methylated sugars
(1.74 g»5 was fractionated by partition chromato¬
graphy on a column of cellulose (050 x 30 mm.)
using as eluants light petroleum (70 parts)s n-
:butanol (30 parts) saturated with water, changing
by stages to light petroleum (60 parts)zn-butanol
(40 parts) saturated with water and finally to











Ti 70:30 221-240 Red brown 0.88 0.127 g.





T3 60:40 620-730 Red brown 0.71 0.435 g.
*4 60:40 3350-1480 Yellowbrown 0.55
0.14 0 g.
T5 Water 0.240 g.
Total 1.249 g.
Rq values were taken in solvent III.
Fraction T, : 0.127 g. Mi8 + 113° (c. 1.14 in H90)1
Rq 0.88; OMe 51.9$. ""
(calc. for a tetra-O-methylhexose: OMe 52.5$)
These results indicated 2:3*4:6-tetra-0-
:methyl-D-galactose which has (pO^ + 113° (111);
R& 0.88. The sugar was characterised by
heating a portion (0.076 g.) under reflux with
aniline (0.040 ml.) in ethanol (4 ml.)
Distillation of the solvent left needles (0.054g.)
which after recrystallisation from anhydrous
ethanol had m.p. and mixed m.p. 190-191° and
-69°* +35° (equilibrium valueX £• 0.75
in acetone); 2:3:4:6-tetra-0-methyl-N-phenyl-
D-galactosylamine has -77°->+37° (ill).
- 96 -
Fraction T^: 0,307 g.
That this fraction comprised two components
was apparent from the following evidence.
(i) Separation into two spots was achieved in
solvent system III saturated with boric acid or
in solvent VI, the latter being preferable.
(ii) Electroionophoresis showed two components of
Mg 0.35 and 0.0 respectively.
Resolution of
The mixture was separated by partition
chromatography on a column of "Celite 535": the
Celite, which had been treated with concentrated
hydrochloric acid for 18 hours at room temperature
o
washed free from acid and dried at 110 was damped
t
with the aqueous phase of solvent VI (lml. per g.
of Celite). After conversion to a slurry with
the organic phase, the celite was poured into a
glass column and allowed to settle, air bubbles
being worked out by stirring. The column was
then compressed to about two-thirds of its original
length (final dimensions 500 x 30 m.m.) The
syrup (T2) (0.305 g.) was dissolved in the organic
phase of solvent VI (3 ml.) and absorbed on dry
Celite (3 g«). Tbe mixture was packed on top
of the prepared column and developed with the
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organic phase of the solvent, the eluant being
fraotionated in 25 mJ . portions. Thought kept at
constant temperature the column was not in equili
rbrium since water was deposited from the eluate
on standing; the separation was not, however,
significantly affected.
T9A Tubes 31-41 A syrup 0.214 g.?Mp8 + 112°
(c., 2.14 in HpO) 0#88; 0Me 52.0^
This material was added to fraction T^
T~ Tube 51. 0.036 g.; + 23° (c. 2.3 in H~0);
R/j 0.86; OMe 32.9# (calc. for a c.i-0-
Ymethyl-deoxyhexose, OMe 32.3#) ^.35.
On standing in vacuo over phosphorus
pentoxide the material began to crystallise
giving needles, m.p. 93-94°. Demethylation
gave rhamnose (paper chromatography). This
evidence identified the fraction as 3«4-di-0-
:methyl-L-rhamnose which has [°C"L + 18,2°;
m.p. 94-95° (112). and R& 0.875? 0.36 (113).
Fraction T, A syrup 0.435 g«; + 96° (e. 1.
in^KpO) 0.71 ? OMe 40.9$ (calc. for
a tn- O-mexhylhexose, OMe 41.9#)
These results indicated 2:316-tri-0~methyl-»
D-galactose which has [oCl^ + 87° (114); Rq. 0.71
A portion (0.090 g.) was oxidised with bromine
water for 4 days at room temperature, aerated to
remove excess of bromine and neutralised with
- 98
silver carbonate. After filtration, silver was
removed with hydrogen sulphide and the solution
was again filtered then evaporated to dryness.
The residue was extracted with ethyl acetate and
the extracts evaporated to a syrup (0.063 g»)
which crystallised. Recrystallisation from
benzene-light petroleum gave needles having m.p.
and mixed m.p. 97-99° and Mj8- 40 * ~ 30°
(equilibrium value) (c,., 1.15 in 3^,0) j 2:3*6-
:tri-O-methyl-D-galactonolactone has
[oC]m - 40 - 28° (115) Chromatographic
examination of the crude lactone (solvents IV
and V) showed only one component which was
identical with 2:3:6-tri-0-methyl-D-galactono~
:lactona (detected by spraying with alkaline
hydroxylamine hydrochloride, then ferric
chloride solutions (116)).
Fraction T, Crystals 0.140 g*; m.p. and mixed
m.p. with 3-0-methyl-L-rhamnose 114-115 ;
U]13 + 30 ; (o. 0.96 in H20)j Rg 0.55?
OMe 17.0$ (calc. for a mono-0-methyl-
deoxyhexose, OMe 17.4$)
These results indjcated 3-0-methyI-L-
irhamnose which has + 35° (117) J Kg. 0.55 •
The X-ray powder photograph was identical with
that of the standard and distinct from that of
4-0-methyl-L-rhemnose. A portion (0.052 g.)
* 99 -
was oxidised with bromine water and worked up
in the same way as fraction The clear
syrup (.0093 g#) obtained after distillation
under high vacuum (bath temp. 150-160°/0»02 mm.)
had [06]- 20°(equilibrium value (c# 0.93 in
HgO) • Recorded value for 5~0-msthyl-.ir-rhamno-
snolacta^Ls [oC],} # 20° + - 18° (110) .
Fraction T-
Tbie fraction gave no indication of neutral
sugars (paper chromatography) and was added to
the barium uronates (TJ) (page 94)#
^ Ifra^ftUon off. t%
She barium uronates (2.34 g*) were dissolv-
ied in water and bariuti was remove# with ion-
:exchange resin (Amberlita 111-120,H). On ©vapor*
lation the free uronio acids were obtained as a
red syrup (?) (1.70 g.) which resisted fraction-
sation on "Celite" with solvent IV. Fraction-
:ation was achieved, however, with the solvent
system n-butanolin-butyl acetatelacotxc acid rwater
(30i€*4i40) using a method analogous to that for
the resolution of fraction I2 (P®€e 96 )# Fract¬
ions of 23 til. volume were taken.
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Fractions obtained:
Fraction V.. Tubes 14-26, 1.00 g.;Mi8 + 59°1 (o. 0.93 in H20)j v
Chromatography in an acidic solvent (solvent
IY) showed this fraction to be identical with
2:3*4-tri-0-methyl-D-glucuronic acid. In
methylethyl ketone swater:ammonia (page 101) a
spot corresponding to dimethyl rhamnose was
also detected.
Reduction, hydrolysis and fractionation of Y^
A portion (0.350 g.) was refluxed for 6
hours with methanolic hydrogen chloride (3$;
40 ml.). The solution was neutralised with
ethereal diazomethane and immediately
evaporated to dryness. The product was
dissolved in dry tetrahydrofuran (5 ml.)
and a saturated solution of lithium
aluminium hydride in dry tetrahydrofuran
was added dropwise. The solution was
refluxed gently for 30 minutes, cooled
and excess of lithium aluminium hydride
destroyed by cautious addition of ethyl
acetate. Water was added, the solution was
evaporated to dryness and the residues were extracted with
- 101 -
■boiling acetone, then dry chloroform. On evap-
:oration of the extracts a syrup was obtained
which was hydrolysed with N-hydrochloric acid
(5 ml.) at 100° for 6 hours, neutralised with
silver carbonate and filtered. The filtrate
was treated with hydrogen sulphide, evaporated
to dryness and the residues extracted with dry
acetone. Removal of the acetone gave a
syrup (W) (0.279 g.). The syrup (W) was
partitioned on a column of cellulose (25 x 420mm.)
using methyl ethyl ketone half-saturated with
water and containing 1$ of concentrated
ammonia as eluant. Tubes for chromatographic
inspection were evaporated at 30-40° in a
stream of nitrogen.
Fraction 0.054 g.
This fraction was further purified on
thick paper. A syrup (0.028 g.) [o6]^8 + 17°
(c. 0.36 in H20); Rq 0.88; MG 0.36; OMe 29.5$
(calc. for a di-O-methyl hexose, OMe 32.3$) was
finally isolated. On demethylation, rhamnose
was produced. The syrup was oxidized on
standing in aqueous solution with potassium
periodate(l32).
Overlap fraction: 0.137 g.f[c6^8 + 47°
Paper chromatography showed the presence of
fractions and Wg.
- 102
Fraction 0.062 g. Mj8 + 55° (c. 0.18 in H20)
R^ 0.85? OMe 41.3$ (calc. for a
tri-O-methylhexose, OMe 41.9$)
These results indicated 2t3;4-tri-0-methyl
;D-glucose which has + 60° (118), R& 0.85.
A portion (0.048 g.) was heated under reflux
with aniline (0.030 g.) and ethanol (3 ml.) in
an atmosphere of carbon dioxide for 3 hours.
The solution was evaporated in a stream of
nitrogen at 40° to a syrupy residue which was
moistened with a few drops of ethanol. Ether
(2 ml.) was added, and the brown precipitate
removed by filtration. Light petroleum (60-80*
was then added and the solution was allowed to
stand, when crystallisation occurred. After
recrystallisation from ethanol-ether-llght
petroleum, needles were obtained having m.p.
and mixed m.p. 141-143°• 2:3:4-tri-0-methyl-
:N-pheny1-D-glucosylamine has m.p, 145-146° (118)
Fraction Tubes 34-64; 0.239 g.
This fraction, which was contaminated with
neutral sugars (mainly 3-0-methyl-L-rhamnose;
paper chromatography) was purified by elution on
thick paper with methylethyl ketoneiwater:
ammonia. The uronic acid remained on the
starting-line and was then eluted with water,
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deionised (Amberlite IR-120, H) and evaporated
to a syrup (0.083 g.) D^ljj8 + 80° (£• 0.33 in
HgO). A portion (0.060 g.) was converted to
the ester glycoside, reduced (lithium aluminium
hydride) end hydrolysed. The resulting syrup





0.85 Red-brown 2:3:4-Tri-O-me thyl-L-
:glucose7
0.56 Lemon-brown 3-0^-Me thyl-L-rhamno se
0.28 Brown Rhamnose
0.23 Red-brown Mono-O-methylhexose •
Fraction V, Tubes 64-84; 0.100 g.; [oC]£° + 93°5 (c, 0.38 in H20) n
This fraction was free from neutral sugars
(paper chromatography); it was converted to the
methyl ester, methyl glycoside, reduced with
lithium aluminium hydride and hydrolysed. The













0.23 Red-brown Mono-0-me thylhexose
Reduction of the Methylated Polysaccharide
The methylated gum (0.75 g.) was dissolved
in dry tetrahydrofuran (15 ml.) and added slowly
and with stirring to a saturated solution of
lithium aluminium hydride in dry tetrahydrofuran
(3 ml.). The solution was refluxed for 30
minutes, then allowed to stand overnight. Excess
of lithium aluminium hydride was destroyed by
addition of ethyl acetate, then the solution was
acidified with dilute sulphuric acid and extracted
with chloroform. The extracts were washed with
saturated sodium bicarbonate solution, dried over
sodium sulphate and the solvent removed by
distillation, leaving a solid (0.610 g.) having
[°Glj8 + 75°.(o. 1.03 in CHCl^) .
Remethylation and Hydrolysis of the Reduced
Methylated Polysaccharide.
The reduced methylated polysaccharide (0.41g.)
- 105 -
was treated four times with methyl iodide and
silver oxide to yield the remethylated reduced
methylated polysaccharide (0.310g.) having
18 o
methoxyl content of 41.8$ and + 45.8
(c. 2,58 in CHCl^). After methanolysis with
hydrogen chloride (4$) in methanol for 8 hours
under reflux, the product was hydrolysed with
U-hydrochloric acid for 16 hours. The solution
was neutralised with silver carbonate, filtered,
then refiltered after passage of hydrogen sulphide.
The solution was taken to dryness and the residues
extracted with dry acetone. Removal of acetone gave
a syrup (0.238 g.) containing methylated sugars.
Chromatography of the hydrolysate (0.200 g.)










0.23 Mono-0-me thylhexo se
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Attempted Fractionation of the Uronic Acids
on a Column of Ion-exchange Resin
A column of anion-exchange resin (Amberlite
IRA-400, acetate form) was prepared according to
Matheson (110) and a portion of the uronic acids
(M-page 79) (3*39 g.) absorbed on it. Blution
was carried out with increasing concentrations of
aqueous acetic acid after removal of neutral
sugars (0.074 g.) by washing with water. The
eluate was fractionated and those of similar
chromatographic composition were bulked together
and evaporated to dryness cautiously with
addition of portions of water when small volume
was reached to avoid undue concentration of acetic
acid in the solutions. Contamination of the
eluate was caused by the slight solubility of the
resin; this was best removed by intensive drying
of the fractions and aqueous extraction. Only
two pure fractions were obtained;
One (M^) (0.008g.) eluted with 2-3$ acetic
acid, was chromatographically identical with
glueurone.
The other (Mg) (0.355 g.) eluted with
3.5-5$ acetic acid, had [oC]J8 + 63° (c. 1.51 in
H20) 0.24 Mg. 0,72. The equivalent
weight (fry direct titration with sodium hydroxide
in presence of methyl red) was 332. An aldo-
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;biuronic acid composed of rhamnooe and glucuronic
acid would have an equivalent weight of 34-0.
Determination of iodine uptake in alkali gave
results which were not reproducible •, rhamnose
was found to behave similarly. Complete hydro-
slysis of Mg (2N-sulphuric acid at 100° for 24
hours) gave rhainnose and glucuronic acid (paper
chromatography). Partial hydrolysis (N--sulphuric
acid at 100° for 4 hours)gave the same two compon-
sents and unhydrolysed material. A second portion
of M2 was submitted to reduction with aqueous
sodium borohydride solution followed by hydrolysis
(1.5 N-sulphuric acid at 100° for 6 hours) and
neutralisation with barium carbonate. After
deionisation (Amberlite IR-120, H), chromatography
showed only glucuronic acid, neutral sugars being
absent.
She remainder of the material (0.32Gg.) was
methylated three times at room temperature with
sodium hydroxide (40$j 7.5 ml.) and dimethyl
sulphate (3*0 ml.) in an atmosphere of nitrogen
then further methylated by two additions one at
50° and the other at 70°. After acidification,
the solution was extracted with chloroform at
room temperature, the extracts being washed with
«• 1C8 —•
sodium bicarbonate, dried over sodium sulphate
and evaporated. The material obtained (0.148 g.)
was further methylated with methyl iodide (2.3 ml.)
and silver oxide (1.2 g.). The syrup isolated
(0.140 g.) was dissolved in dry methylal (2.0 ml.)
and reduced by addition of lithium aluminium
hydrid© (0.1 g«) in the same solvent (1 ml.).
Bxcooe of reagent too destroyed by cautious
addition of water and the product (0.098 g.)
isolated by methylal extraction. After two
further methylations with methyl iodide and silver
oxide, a syrup was obtained (0.088 g.) which was
hydrolysacl (II-sulphuric acid at 100° for 6 hours)
yielding after neutralisation a syrup (0.060 g»)
which was separated on thick paper (Whatman 3 M.M.
solvent III).
The first component was identical with
2 i 3 t4«6-tetra-O-nia t.yl glucose chromatographically
and elsetroionopbore tically• Semethylation gave
glucose.
The second component was identical with
3t4-di-0-methyl rhamnose chromatographically and
electroionophoretically (M^ 0.36).
The third component, which was present in
very small nuantity, had R^ 0.76 and gave
- 109 -
glucose on demethylation.
The other fractions obtained from the resin


















1.25-2.0$ 0.240 (1,11 faint
(0.98





Key: Rhr- Bhamnose; Ga:- Galactose
GluGlucuronic acid.
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